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CORROSION’S FOCAL POINTS are easy to detect with a _ blue (here shown blackened) to reveal themselves as 
new Amercoat testing method using iron and caustic anodic corrosion breeders. Rivets, threads, crevices 
indicators in a saline gelatin bath. On the welded and abrasions also show anodic under test. Unless 
and scored steel panels shown above after test, un- such areas are effectively sealed from moisture, 
worked surface areas turned red to indicate cathodic oxygen and ions they will erupt as focal points of 
properties; but the weld, scores and edges turned corrosion cells. 


How to protect “trouble spots’ against corrosion 


Ask a corrosion engineer where metal corrosion is likely to attack first. ; 

. . : AMERCOAT Corporation, Dept. GH 
Chances are that he will name rivets, threads, sharp edges, angles, crevices 4809 Firestone Blvd., South Gate, Calif. 
and welds. These are the areas of stress concentration, work hardness, Please send me your latest information 
fissures and abrasions. They tend to be anodic and actually breed corrosion. nea 
And although they warrant increased protection, conventional coatings pull Name 
away from their sharp profiles and leave them inadequately covered. Position 


Company— 


Amercoat No. 87, a true vinyl mastic, protects these spots in a single 
coat 10 mils thick, whereas other coatings fail to build 5 mils in three coats. 
It cuts maintenance painting costs up to 50% because you don’t have to re- 
erect staging and scaffolds for additional coats, and you get results that last. 


Address 


UY ececscericee State 


No. 87 combines the time-tested chemical and weather resistance of vinyl 
coatings with the thickness of mastic, yet it is easily sprayed with standard 
equipment over a suitable primer. Available in white, gray, black and alum- 
inum. Use it for enduring protection at lower cost per square foot per year. 
Complete details mailed on request.—Amercoat Corp., South Gate, Calif. ’ 


EVANSTON, ILLINOIS » KENILWORTH, NEW JERSEY 
JACKSONVILLE, FLORIDA * HOUSTON, TEXAS 
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SERVICE HEADACHE? 





CALL US FOR FAST RELIEF 


7326 


Whether you’re working on a long-range sched- 
ule or caught in an over-night bind, you want 
to be sure of getting what you need, where and 
when you need it. This is the kind of service all 
suppliers aim at, but in the baked-on coatings 
field it’s most closely associated with Plastic 
Applicators because we are staffed and equipped 
to give it. 
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HERE’S WHY: 


MEN—16 Plasticap field service engineers are 
strategically located to work with you on sched- 
uling and specifications. 


MATERIALS—There’s a Plasticap coating to solve 
every problem of corrosion resistance, toughness 
and paraffin deposition. 


CAPACITY—Three Plasticap plants—one of them 
advantageously near your location— have an 
aggregate capacity in excess of all other baked-on 
coatings suppliers. 

The next time you have a tubular goods coating 
job, call us first—and get a sound basis for com- 
parison with others on delivery and technical 


service. 


HOME OFFICE AND PLANT: Houston, Texas, P. 0. Box 7631. Phone UN 9-2491 


BRANCH OFFICES AND PLANTS: Harvey, La., P. 0. Box 388. Phone Fillmore 
1-1636. Odessa, Texas, P. 0. Box 2749. Phone EMerson 6-4491. 


SALES OFFICES—TEXAS: Houston, Corpus Christi, Dallas, Midland, Odessa. 
LOUISIANA: Lafayette, New Orleans, Harvey. 
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These Galvomag anodes give us 25% more current 
than conventional magnesium anodes 


Two questions should be asked by anyone who is planning 
to use galvanic anodes to protect well casings or other 
underground equipment: 

(1) Which anode has the greatest throwing power? Galvo- 
mag® magnesium anodes deliver 25% higher current than 
conventional magnesium anodes—enough punch to assure 
adequate protection in high-resistivity soils. 

(2) Which anode will do the job with the fewest units? 


Again, the answer is Galvomag. The extra current supplied 
by these high-potential anodes means four will do the job 
of five ordinary anodes in normal soils. Net result: lower 
installation and replacement costs. 


Any of the Dow magnesium anode distributors listed below 
can give you more information. Contact the one nearest you 
or write directly to us. THE DOW CHEMICAL COMPANY, Mid- 


land, Michigan, Department {A 1429FF-1. 


Call the distributor nearest you: Cathodic Protection Service, Houston, Texas © Corrosion Services, Inc., Tulsa, Oklahoma » Electro 
Rust-Proofing Corp. (Service Division), Belleville, N.J. ¢ Ets-Hokin & Galvan, San Francisco, Calif. « The Harco Corp., Cleveland, 
Ohio ¢ Royston Laboratories, Inc., Blawnox, Penna. ¢ Stuart Steel Protection Corp., Plainfield, N. J. ¢ The Vanode Co., Pasadena, Calif. 


YOU CAN DEPEND ON 
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devoted entirely to corrosion 
research and control 


Published monthly as its official journal, by the Na- 
tional Association of Corrosion Engineers, Inc., at 
Houston, Texas, U. S. A., as a permanent record of 
progress in corrosion control. 








Vol. 13 August, 1957 No. 8 

Page 

This Month’s Cover 4 
Technical Papers Scheduled for 

September 4 


Directory of NACE ‘Regional and 


Sectional Officers 6, 8,10, 12 
Officers and Directors, National 

Association of Corrosion Engineers 16 

NACE NEWS 

A. B. Campbell Will Retire April 1 83 
Nee Named Trustee-at-Large 83 
Miami Section Plans Four-Day Meeting 

at Key Biscayne ... 83 
Six Speakers Selected for Short 

Course in Florida 83 
Spalding Nominated to Be South Central 

Region Chairman 84 
Panhandle Section Being Oreentaed. 84 
Baltimore-Washington Corrosion Clinic 

Attracts 50 ire ca, . 84 
Wafer Elected Chairman of Sabine: 

Neches Section . 84 
Informal San Diego Section Meeting 

Attracts 75 Persons 84 
Scenes at Northeast alia May 

Meeting ..... 86 
Deep Ground Beds Took at Sirninghane 86 
Section Calendar 86 
Joint Meeting to Hear W. H. Seewost 86 
Carolinas Section Meeting 86 
Students From 35 Engineering omens 

Invited to Chicago ; oe) Oe 
NBC Commentator to Show Movie on 

Russia at Chicago. aoe 88 


Exhibition Cancelled for Chicago Meeting 88 
Ladies’ Program Includes Tours, Brunch 88 
60 Attend Shreveport July Meeting 88 


PROGRAM ROUNDUP 
South Central Region, Oklahoma City 
October 1-4, 1957 


Emphasis Is on Gas and Petroleum Indus- 
tries at South Central Region Meeting 90 


Technical Symposia - © 
Biographies of Authors 90 
Abstracts of Technical Papers -. FI 
40% of Booths at Exhibition Are Sold 91 
Registration Opens September 30 92 
Central Control for Hotel Reservations 93 
Two Tours Scheduled for Ladies 93 
Entertainment Features Listed 93 


Program, Technical Committee Meeting 98 
(Continued on Page 4) 








TECHNICAL SECTION 











Page 
Soil Stress Damage to Pipe Lining—Topic of the Month 
PP Hy cx Ri oink cee nen Geen hea 17 
Testing of Coal Tar Coatings (II1)—Resistance to Fouling 
and Degradation by Marine Organisms 
By R. B. Toebh and W..P. Pale, Bhi. osc scene wwe 19 
Failure of Steel-Admiralty Duplex Condenser Tubes 
by Hydrogen Penetration 
By H. E. Honkala and E. A. Wright...............-.4.. 29 
How to Determine a ‘Comparable Cost’ for Paints 
By V. B. Volkening and J. T. Wilson, Jr................ 33 
Cathodic Protection of Oil Well Casings 
At Kettleman Hills, California 
By J. K. Ballon and PF. W. Schromp. ...... 22.00 cece: 35 
Cathodic Protection of an Active Ship Using Zine Anodes 
iy Ee Tee ae Eh. DB. PO. 5 ooo eh hee ha Sek DA HEM 43 
The Application of Cable in Cathodic Protection 
Part I by M. A. Riordan; Part 2 by R. G. Fisher........ 47 
Water Utilization and Treatment Efficiency of Gulf Coast 
Cooling Towers—A Report of the Recirculating Cooling 
Water Work Group of NACE Task Group T-5C-1 
on Corrosion by Cooling Waters (South Central 
ee re ere 35 
Some Aspects of the Corrosion Processes of Iron, 
Copper and Aluminum in Ethylene Glycol Coolant Fluids 
By P. F. Thompson and K. F. Lorking................ 59 
An Explanation of “*Pin-Holing” of Light Gauge Aluminum 
Cooking Utensils 
FF 55 wR DARE TER SAE KEE Rw RET Res 64 
Chloride and Caustic Stress Corrosion of 
Austenitic Stainless Steel in Hot Water and Steam 
Se es ee PS os 60 75a ewe ets eb hee 67 
Properties and Performance of Reinforced Polyester Plastics 
in the Chemical Industry 
By R. E. Gackenbach and Donald G. Estey. ............ 74 
TECHNICAL COMMITTEE ACTIVITIES 
Chicago Underground Committee Joins T-7 81 
Principal Causes of Underground Structure 
Corrosion Cataloged . 81 
Technical Committee Meetings, Northeast Region 81 
General Picture of East Texas Oilfield Corrosion 81 
North Central Corrosion Coordinating Committee to Meet 8] 
Bibliography of Corrosion Products Approved 82 
High Purity Water Papers Published 82 
Copyright 1957 by the National Association of Corrosion Engineers. Reproduction of the contents, either as a whole or 
in part, is forbidden unless specific permission has been obtained from the Publishers of CORROSION. Articles presented 


represent the opinions of their authors, and not necessarily those of the Editors of CORROSION, nor the Officers or 


Members of the National Association of Corrosion Engineers. Manuscripts to he 


considered for publication should be 


forwarded, together with illustrations, to the Editor of CORROSION, 1061 M & M Building, Houston 2, Texas. 








4 CORROSION—-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 








(Continued From Page 3) 


NACE NEWS 


Page 

Nineteen Papers Scheduled for 
Golden Triangle Meeting. . 98 
46 Attend Calgary Section Meeting 98 


Kansas City to Be Site of 1962 Conference 98 


14th ANNUAL CONFERENCE NEWS 


Entire Afternoon Set Aside for Exhibition 100 
Jackson Accepts Post on Aircraft 
Symposium 100 


Page 
Habben Accepts Housing Post... ... 100 
Additional Technical Papers Needed 
for San Francisco Conference 100 
eee 


Genesee Valley Section 

Holds Business Meeting . 100 
Activities in 11 Nations by Workers 

on Corrosion Control Are Summarized 102 


GENERAL NEWS 


Appalachian Short Course Attracts 

Over 450 107 
Outstanding Service Award Given Glaser 107 
Polyethylene Subject of Plastics Engineers 107 
National Heat Transfer Conference Set.. 107 
ASTM Committees Seeks Order Among 


Cermets es cosa ee 
Book News 108 
Inside of 30-Foot Tank Coated With 

Silver 109 


Pipe Line Instruments Committee Formed 109 


Chemical and Petroleum Laboratory 


Is Established ; 109 
Dimethyl! Sulfide Seen as 

Hydrocarbon Competitor 109 
New Products .... ae 110 
Men in the News : 114 
Pollution, Fretting Are Topics 2; ae 
Zinc and Cadmium Inhibit Growth 

of Metal “Whiskers” 120 
Alkali Metals Symposium Set 

by ACS in April, 1958 120 


TECHNICAL TOPICS 


Cathodic Protection of a Semi-Marine Pipeline 


System by B. J. Whitley, Jr. 


Page 
WAZ 


Pre-Stressed Concrete Sleepers Tested For Service 


on Electrified Railways 


120 


Chemically Deposited Nickel Alloy Coatings 


by William H. Crehan 


Index to Corrosion Abstracts 
Index to Advertisers 


122 


125 
160 


TECHNICAL PAPERS SCHEDULED FOR SEPTEMBER 


Aluminum Alloys for Handling High Purity 
Water by W. W. Binger and C. M. 
Marstiller 

Water Conditions for High Pressure Boilers 
by D. E. Voyles and E. C. Fiss 


Corrosion of Aluminum in High Purity Water 
by R. J. Lobsinger and J. M. Atwood 

Corrosion and Metal Transport in Fused 
Sodium Hydroxide (Part 1—Experimental 
Procedures) by G. Pedro Smith, M. E. 
Steidlitz and E. E. Hoffman 

Resistance to Corrosion of Aluminum Alloys 
for Automotive Applications by E. T. Engle- 
hart, W. C. Cochran and E. P. White 

The Formation of Oxide Films on Chromium 
and 18Cr-8Ni Steels by H. J. Yearian, W. D. 
Derbyshire and J. F. Radavich 





Measurement of Corrosion Products in High 
Temperature, High Pressure Water Systems 
by A. A. Sugalski and S. L. Williams 


The Growth of Ferrous Sulfide on Iron by R. A. 
Meussner and C. E. Birchenall 


Corrosion of Aluminum-Nickel Type Alloys in 
High Temperature Aqueous Service by F. H. 
Krenz 


The Storage of High Purity Water by Richard 
R. Diesk 


Investigation of Inorganic Inhibitors for Min- 
imizing Galvanic Corrosion of Magnesium 
Coupled to Aluminum by Sara J. Ketcham 
and Walter Beck 


SUBSCRIPTION RATES 
(Post Paid) 
Corrosion, 1061 M & M Bldg., Houston 2, Texas 


Non-Members of NACE, 12 issues...............-$11.00 
Non-Members of NACE, 

Single copies, 1954 to date........cccceccesces 1.00 
All Issues 1945-53 Inclusive, Per Copy.......... 2.00 
Libraries of Educational Institutions 

and Public Libraries in the United 

States and Canada, 12 issues.............e0005 4.00 


NACE Members Receive CORROSION as a Part 
of Their Membership at No Extra Charge 


NACE Members, Single Copies, 1954 to date...... 50 
Foreign remittances should be by international postal 
or express money order or bank draft negotiable in the 


U. S. for an equivalent amount in U. S. funds, Entered 
as second class matter October 31, 1946, at the Post 
Office at Houston, Texas, under the act of March 3, 1879, 


Corrosion Is Indexed Regularly by Engineering Index. 





THIS MONTH’S COVER—This workman is 
spraying Neoprene inside a railroad tank car. 


The photograph, supplied by a member of 
NACE’s T-6F and T-3E-L committees, shows the 
manner in which these vessels are protected 
against corrosive ladings. As many as 20 coats 
may be needed, depending on the type of cargo 
the tank is scheduled to carry. Reports on these 
committees’ work are in preparation, 
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Now anyone can make “Factory Tight” 
wye or tap splices in the field! 











New ““SCOTCHCAST”’ Splicing Kit gives 
maximum protection against moisture 
and electrial breakdown... solves 
splicing problems in rectifier 


ground bed installation ALL MATERIAL for this revolutionary non- 


technical method of making wye or tap splice is 
included in new “SCOTCHCAST” Kit No. 90B1. 







Self-venting durable plastic mold. 
Three pouring positions: top and two sides. 


“SCOTCHCAST” penetration effectively blocks all ies me 
possible moisture entry points. ——@ sien 


“SCOTCHCAST” RESIN SPLICE KIT No. 90B1: for trical stresses; uniform protection from splice to 
use in cathodic protection ground bed splicing, splice. 

street lighting systems, traffic signal systems, or any 3. Ease and speed of application: an average field 
place where the very best protection against elec- splice can be made in 10 minutes...even under 


trical breakdown or moisture is a must. It offers the adverse conditions. 
REG. U.S. PAT. OFF 


following advantages: 
1. Complete moisture protection in weather-exposed co " Cc ee C AS 4 


locations, direct burial, including underwater use. BRAND 
2. Thorough protection from mechanical and elec- 


For further information write on your letterhead to 3M Co., St. Paul 6, Minn., Dept. BQ-87. : 


fe \ 
The term ‘‘SCOTCHCAST” is a registered trademark of Minnesota Mining and Manufacturing Co., St. Paul 6, Minn. Export Sales Office: x p 
99 Park Ave., New York 16, N. Y. In Canada: P. O. Box 757, London, Ontario. *eseanc™ 
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Ultramarine & Color Co., P. O, Box 
2166, Huntington, West Virginia 

L. T. Moore, Vice-Chairman; Ten- 





nessee Gas Transmission Co.; Box 
546, Catlettsburg, Kentucky 
William Tufts, Treasurer; Ashland 
Oil & Refining Company, 1401 Win- 
chester Avenue, Ashland, Kentucky 
J. E. Brooks, Secretary; Ashland Oil 
& Refining Company, 1401 Win- 
chester Avenue, Ashland, Kentucky 


® Lehigh Valley Section 

John P. G. Beiswanger, Chairman: 
General Aniline & Film Corp., 720 
Coleman St., Easton, Pa. 

Edmund A, Anderson, Vice-Chairman; 
New Jersey Zinc Co., Research De- 
partment, Palmerton, Pa. 

Austin K. Long, Secretary-Treasurer; 
The Glidden Company, Third & 
Bern Streets, Reading, Pennsylvania 


@ Metropolitan New York Section 

S. W. Shepard, Chairman; Chemical 
Construction Corp., 525 West 43rd 
Street, New York 36, N. Y. 

N. N. Ehinger, Vice-Chairman; Alu- 
minum Company of America, 230 
Park Ave., New York 17, N. Y 

A. F. Minor, Secretary-Treasurer; 
American Telephone & Telegraph 

, 195 Broadway, New York 7, 


x. 


@ Niagara Frontier Section 

E. H. Caldwell, Chairman; Oldbury 
Electrochemical Co., 5001 Buffalo 
Avenue, Niagara Falls, N. Y. 

W. A. Szymanski, Vice-Chairman; 
Hooker Electrochemical Co., P. 0, 
Box 344, Niagara Falls, N. Y. 

H. A. Anderson, Secretary-Treasurer; 
Carborundum Metals _Co., Inc., 
P, O. Box 32, Akron, N. Y. 


@ Philadelphia Section 

S. F. Spencer, Chairman; Keystone 
Shipping Company, 1000 Walnut 
Street, Philadelphia 7, Pa. 

Walter W. Burton, Vice-Chairman: 
General Chemical Division, Allied 
Chemical & Dye Corp., Camden 9, 
New Jersey 

Robert S. Mercer, Secretary-Treas 
urer; Pennsalt Chemicals, P. 0. 
Box 4388, Chestnut Hill P. 0. 
Philadelphia, Pa. 

(Continued on Page 8) 
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(Continued From Page 6) 


@ Pittsburgh Section 
A. B. McKee, Chairman; Alcoa Re- 


search Laboratories, Freeport Road, 
New a Pennsylvania 

S. H. Kalin, Vice-Chairman; U. S. 
Steel Research Lab., Monroeville, 
Pennsylvania 

R. W. Maier, Secretary; Gulf Oil 
Corp., 4th floor, Gulf ‘Bldg., Pitts- 
burgh 19, Pennsylvania 


C. L. Dey, Treasurer; —_ Com- 
pany, Inc., Koppers Pitts- 
yurgh 19, Pe nnsylvania 


® Schenectady-Albany-Troy Section 

R. T. Foley, Chairman; General Elec- 
tric Company, General Engineering 
Laboratory, Room 2083, Bldg. 37, 
Schenectady, New York 

H. A. Cataldi, Vice-Chairman; Gen- 
eral Electric Company, Bldg. 7, 
One River Road, Schenectady, New 
‘ork 

J. F. Quinlan, Secretary-Treasurer, 
RD 1, Charleston Road, Burnt 
Hills, New York 


@ Southern New England Section 


D. H. Thompson, Chairman; Ameri- 
can Brass Company, Corrosion Re- 
search Laboratories, Waterbury 20, 
Conn. 

E. A. Tice, Vice-Chairman; The In- 
ternational Nickel Company, Inc., 
75 Pearl St., Hartford, Conn. 


Archer B. Hamilton, Secretary-Treas- 
Hartford Gas Company, 
Hartford 4, Conn. 


urer; The 
233 Pearl, 





John B. West, Director; Aluminum 
Company of America, 1800 Rhodes- 
Haverty Building, Atlanta, Georgia 

Arthur B. Smith, Chairman, Amer- 
coat Corporation, P. O. Box 2977, 
Jac ksonville 3, Florida 

Joseph Frink, Vice-Chairman; Flor- 
ida Power and Light Co., P, O. Box 
3100, Miami, Florida 

G. M. Jeffares, Secretary-Treasurer; 
Plantation Pipe Line Co., P. O. 
Box 1743, Atlanta 1, Georgia 


® Atlanta Section 


Christopher Georges, Chairman; Pipe 
Line Service Corp., 1734 Candler 
Bldg., Atlanta, Ga. 

Joseph A. Lehmann, Vice-C hairman; 
Electro Rust Proofing Corp,,. : 
Rhodes Center, N. W., Atlanta, Ga. 

C. Jay Steele, Secretary-Treasurer; 
Anti-Corrosion Mfg. Company, Inc., 
1008 Crescent Avenue, N, E., At- 
lanta 9, Ga. 


@ Birmingham Section 

S. A. Gibson, Chairman; T. C. & I. 
Div., U. S. Steel Corp., Electrical 
Lab., Sheet Mill, Fairfield, Alabama 

E. M. Griffin, Vice-Chairman; South- 
ern Bell Tel. & Tel. Co., 316 
Phoenix Building, Birmingham, 
Alabama 

F. R. Blankenship, Jr., Secretary- 
Treasurer; Southern Natural Gas 
Co., Box 2563, Birmingham, Ala- 
bama 


@ Carolinas Section 

J. H. Paylor, 
Natural Gas 
Tryon Street, 
Carolina 

t Pat Robinson, Vice-Chairman; In- 
dustrial Piping Supply Company, 
P. O. Box 10218, Charlotte, N. C. 

5. S. Livingstone , Secretary-Treasurer, 
Livingstone Coating Corporation, 


P. O. Box 8282, Charlotte, N. C. 


Chairman; Piedmont 
Company, 523 ; 
Charlotte, North 


@ East Tennessee Section 


James A. McLaren, Chairman; Oak 
Ridge National Laboratory, Div. of 
Union Carbide Corp., P. O. Box P, 
Oak Ridge, Tennessee 


J. B. Prime, Jr., 


Jack P. 


CORROSION—-NATIONAL ASSOCIATION OF 


Frank A. Knox, Secretary-Treasurer; 
Oak Ridge National Laboratories, 
Union Carbide Nuclear Co., Div. 
of Union Carbide Corp., Bldg. 
9766, Y-12 Area, Oak Ridge, Ten- 


nessee 


@ Jacksonville (Fla.) Section 

Arthur B. Smith, Chairman; Amer- 
coat Corporation, P. O. Box 2977, 
Jacksonville, Fla. 

Charles Carlisle, Vice-Chairman; In- 
dustrial Marine Service Co., Inc., 
P. O. Box 3641, Station F, Jackson- 
ville, Fla. 

John Hancock. Secretary-Treasurer; 

Electric & Water Utilities, City of 

Jacksonville, Utilities Bldg., 34 S. 

Laura Street, Jacksonville, Fla. 


@ Miami Section 

Chairman; Florida 
Power & Light Co., Box 3100, 
Miami 30, Florida 

H. L. Truchelut, Vice-Chairman; 
Southern Bell Telephone & Tele- 
graph Co., 36 N. E. Second St., 
Miami, Florida 

H. B. Sasman, 
Sasman Enginering Co., 
452, Miami, Florida 


Secretary-Treasurer; 
P. O. Box 


@ Ohio Valley Section 


R. S. Dalrymple, 
neering ae 
Metals Co., P. O. Box 1800, Louis- 
ville, Ky. 

. J. Smith, Vice-Chairman; Metal- 
lurgy & Ceramics Laboratory, Ap- 
pliance Park, Room 249E, Bldg. 5, 
General Electric Company, Louis- 
ville, Ky. 
CC. Klein, 
Texas Gas 
tion, P. O. Box 577, 
St., Ownesboro, Ky. 


Chairman; Engi- 
Dept., Reynolds 


Secretary-Treasurer; 
Transmission Corpora- 


423 W. Third 


@ Tidewater Section 

Richard W. Hamel, Jr., Chairman; 
Commonwealth Natural Gas C orp., 
Box 2350, Richmond, Virginia 

George R. Lufsey, Vice-Chairman; 
Virginia Electric & Power Co., Box 
1194, Richmond, Virginia 

Murray S. Spicer, Secretary-Treas- 
urer; The Chesapeake & Potomac 
Telephone Company of_ Virginia, 
703 East Grace Street, Richmond, 
Virginia 





Director; Gulf Oil 


H. E. Waldrip, 
Corporation, 5311 
Houston, Texas 

Barrett, Chairman; Pan 
American Petroleum Corporation, 
P. O. Box 591, Tulsa, Oklahoma 

J. C. Spalding, Jr., Vice-Chiarman; 
Sun Oil Company, Box 2880, Dal- 
las, Texas 

J. A. Caldwell, Secretary-Treasurer; 
Humble Oil & Refining Co., Box 
2180, Houston, Texas 

W. F. Levert, Asst. Secretary-Treas- 
urer; United Gas Pipeline, P. O. 
Box 1407, Shreveport, Louisiana 

John W. Nee, Trustee-at-Large; 
Briner Paint & Mfg. Co., 3713 
Agnes Street, Corpus Christi, Texas 


Kirby Drive, 


@ Alamo Section 

J. W.. Gibson, 
Haering & Co., P. O. 
Harlandale Station, San 
Texas 

Zane Morgan, 
Acidizers, P. QO. 
Texas 

Ransom L. Ashley, Secretary-Treas- 
urer, United Gas Pipe Line Com- 
pany, P. O. Box 421, San Antonio, 
Texas 

Carl M. Thorn, Trustee; Southwest- 
ern Bell Telephone Company, P. O 
Box 2540, San Antonio, Texas 


Chairman; D. W. 
Box 6037, 
Antonio, 


Vice-Chairman; Texas 
Box 47, Seguin, 


@ Central Oklahoma Section 


E. G. Stevens, Chairman; Dowell, 
Inc., P. O. Box 209, Norman, Okla- 
homa 


R. V. James, Vice-Chairman; Uni- 
versity of 


Oklahoma, Norman, 
Oklahoma 

M. F. Hill, Jr., Secretary-Treasurer; 
Greene Bros. Inc., 3020 N. W. 47th 
Street, Oklahoma City, Okla. 

Dan H. Carpenter, Trustee; Aquaness 
Dept., Atlas Powder Company, 
P. O. Box 8521, Oklahoma City 14, 
Okla. 


@ Corpus Christi Section 

Hugh Wilbanks, Chairman; Cathodic 
Protection Service, 1522 - Staples 
St., Corpus Christi, Te 

Kenneth Ray Sims, Cora sinwen: 
Department of Public Utilities, City 
Gas Department. P. O. Box 111, 
Corpus Christi, Texas 

William Taylor, Secretary-Treasurer; 
City of Corpus Christi Gas Depart- 
ment, P. O. Box 1622, Corpus 
Christi, Texas 

Fred W. Hodson, 
Manville Sales Corp., 
cahua St., Corpus Christi, 





Trustee; Johns- 
401 N. Tou- 


Texas 


@ East Texas Section 

P. E. Happel, Chairman: Sun C'l 
Company, P. O. Box 472, Kilgore 
Texas 

Gene E. Smith, Vice-Chairman; Lone 
Star Steel Company, Lone Star, 
Texas 

E. L. Chapin, Secretary; Pan Amer- 
ican Petroleum Corporation, Box 
2069, Longview, Texas 

J. H. Graves, Treasurer; Tidal Pipe 
Line Company, P. O. Box 777, 
Joinerville, Texas 

J. C. Orchard, Trustee; Cardinal 
Chemical Company, P. O. Box 54, 
Longview, Texas 


@ Houston Section 


J. T. Payton, Chairman; The Texas 
Company, P. O. Box 2332, Hous- 
ton, Texas 

W. A. Wood, Jr., Vice-Chairman; 
8827 Chatsworth Street, Houston 
24, Texas 

C. B. Tinsley, Secretary-Treasurer; 
Southwestern Bell Telephone Com- 
pany, 1119 Capitol Avenue, Room 
601, Houston 2, Texas 

Charles L. Woody, Trustee; United 
Gas Corporation, P. O. Box 2628, 


Houston 2, Texas 


@ New Orleans-Baton Rouge Section 

O. L. Grosz, Chairman; The Cali- 
fornia Company, P. O. Box 128, 
Harvey, La. 

F. A. MacDougall, Vice-Chairman; 
Shell Oil Company, P. O. Box 193, 
New Orleans, La. 

William L. Vorhies, Secretary-Treas- 
urer; Freeport Sulphur Company, 
Port Sulphur, La. 

Lee N. Spinks, Trustee; Cathodic 
Protection Service, 1634 Robert 
Street, New Orleans 15, La. 


® North Texas Section 

Howard Greenwell, Chairman; Pro- 
duction Profits, Inc., 8912 Sover- 
eign, Dallas, Texas 

Glyn Beesley, Vice-Chairman; Dallas 
Power & Light Co., 1506 Com- 
merce St., Dallas, Texas 

Ralph Petty, Sec.-Treas.; Sinclair 
Pipe Line Company, 901 Fair Bldg., 
Fort Worth, Texas 


® Panhandle Section 


Temporary Officers 


A. C. Levinson, Chairman; Phillips 
Petroleum Co., P. O. Box 327, 
Phillips, Texas 

W. A. Tinker, 
troleum Co., 
P. O. Box 327, 


Secretary; —s Pe- 
Engineering ept., 
Phillips, Texas 


@ Permian Basin Section 

H. W. Gray, Chairman; Sivalls Tanks 
Inc., P. O. Box 1152, Odessa, 
Texas 

Jack Collins, First 
Continental Oil Co., 
Midland, Texas 

Roscoe Jarmon, Second Vice-Chair- 
man; Cardinal Chemical Company, 
P. O. Box 2049, Odessa, Texas 

Marion Bidber, Secretary-Treasurer; 
Atlantic Refining Co., P. O. Box 
871, Midland, Texas 


Vice-Chairman; 


P. O. Box 431, 


CORROSION ENGINEERS 


@® Rocky Mountain Section 


John R. Hopkins, Chairman; Pro. 
tecto a Company, 2255 South 
Delaware Street, Denver, Colorado 

Paul W. Lewis, Vice-C hairman, Bu- 
reau of Reclamation, Building 56, 
Denver Federal Center, Denver, 
Colorado 

Herbert L. Goodrich, Secretary-Treas. 
urer; American Telephone & Tele. 
graph Company, 810-14th Street. 
Denver, Colorado 

Karl S. Hagius, Trustee; Colorado 
Interstate Gas Company, P. O. Box 
1087, Colorado Springs, Colorado 


@ Sabine-Neches Section 

A. V. Wafer, Chairman; Ohmstede 
Machine Works, P. O. Box 243]. 
Beaumont, Texas 

Paul McKim, Vice-Chairman; Socony- 
Paint Products Company, P. O. Box 
2848, Beaumont, Texas 

John L. Henning, Secretary-Treas- 
urer; Gulf Oil Corp., P. O. Box 
701, Port Arthur, Texas 

E. N. Coulter, Trustee; Cities Sevice 
Refining Corp., Basic Refinery Lab- 
oratory, Lake Charles, La 


@ Shreveport Section 

E. H. Sullivan, Chairman; United 
Gas Pipeline Co., 2302 Thornhill, 
Shreveport 62, La. 

L. B. Morrow, Vice-Chairman; Inter- 
state Oil Pipeline Company, P. O. 
Box 1107, Shreveport, La. 

L. B. Irish, Secretary; Irish Engineer- 
ing Srvice, 760 Dodd St., Shreve- 
port, La. 

J. D. Stone, Treasurer; 
Continent Oil Company, 
188, Benton, La. 

W....E- Levert, Trustee, 
Pipeline, P. O. Box 1407, 
port, La. 


Sunray Mid- 
P. O. Box 


United Gas 
Shreve- 


@ Teche Section 

O. L. Bassham, Chairman; Tretolite 
Company, 107 Souvenir Gate, La- 
fayette, La. 

J. F. Shofner, Vice-Chairman; Aqua- 
ness Corp., 101 Berkley Street. 

Lafayette, La. 


Frank L. Rhoades, Jr., Secretary- 
Treasurer; Otis Pressure Control, 
Inc., P. O. Box 515, New Iberia, La. 

George M. Harper, Trustee; Union 
Oil Company of California, Box 
421, Abbeville, La. 


@ Tulsa Section 

Frederick A. Prange. 
Phillips Petroleum 
Bartlesville, Okla. 

O. W. Everett, Vice-Chairman; Okla- 
homa Natural Gas Company, Box 
871, Tulsa. Okla. 

Parke D. Muir, Secretary; Dowell. 
Inc., Box 536, Tulsa, Okla. — 

Roger J. Norris, Treasurer; Koppers 
Company, Inc., 310 Thompson 
Building, 20 E. Fifth Street, Tulsa, 
Okla. 

T. D. Williamson, Jr., Trustee; T. D. 
Williamson, Inc.. P. O. Box 4038, 
Tulsa 9, Oklahoma 


Chairman; 
Company 


@ West Kansas Section 

D. L. Peterson, Chairman; Cities 
Service Oil Company, P. O. Box 
751, Great Bend, Kansas 

G. H, Fanshier, Secretary-Treasurer; 
Corrosion Rectifying Co., R. R. 2, 
Great Bend, Kansas s 

W. C. Koger, Trustee; Cities Service 
Oil Company, Cities Service Build- 
ing, Bartlesville, Okla. 


Robert H. 
California Gas 
Box 3249 Terminal 


Kerr, Director; Southern 
Company, : 
Annex, Los 
Angeles 54, California d 
E. Magoffin, Chairman; Califor- 
nia Water & Telephone Company, 
2116 Huntington Dr., San Marino. 
Cal. 


(Continued on Page 10 
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7 is the best way to stop 
- Box : 7 : @ e 
Ga r Pp corrosion in your well 


ireve- 


Where corrosion protection is concerned, every well is different. 
The method and inhibitor to use depend not only on whether 
your well is flowing, pumping or gas condensate, but also 

on whether it has high water or low . . . packers or 

none... gas lift or natural flow. 


There is a wide range of CRONOx inhibitors to apply to your 
well . . . including water and oil soluble types . . . vapor 
phase, stick and concentrated inhibitors . . . bactericides and 
combination bactericide-inhibitors. And Aquaness field men 
are thoroughly experienced in ways to use these inhibitors to 
tackle every type of corrosion situation. 


Pennies for protection, using CRONOXx inhibitors, can save 
you thousands in sucker rod and tubing replacement and lost 
production. Get your engineered corrosion control program 
started now, by calling your local Aquaness representative. 


Write for a copy of the new booklet, 
“CRONOX Corrosion Inhibitors” 


Aquazmess 
 (Depailmen 
ATLAS POWDER COMPANY 

2005 Quitman Street, Houston 26, Texas 


Houston ,Te 



















TECHNICAL 
REPORTS 


Corrosion in Oil and 
Gas Well Equipment 


(Continued From Page 8) 


E. H. Tandy, Vice-Chairman; Stand- 
ard Oil Company of California, 
P. O. Box 97, El Segundo, Cal. 

D. P. Armbruster, Secretary-Treas- 
urer; San Diego Gas & Electric 
Company, P. O. Box 1831, San 
Diego 12, Cal. 








































T-1C 






























T-1C 


























T-1G 











T-1J 


T-1A Survey of Corrosion Control in Cali- 
fornia Pumping Wells. A Report of 
T-1A on Corrosion in Oil and Gas Well Equip- 


west. Los Angeles Area. Pub. 54-7. Per Copy, 
-50. 


Current Status of Corrosion Mitiga- 
tion Knowledge on Sweet Oil Wells. 
A Report of Technical Unit Committee T-1C 
on Sweet Oil Well Corrosion. Per Copy, $.50. 


Field Practices for Controling Wa- 
ter Dependent Sweet Oil Well Corro- 
sion. A Report of Technical Unit Committee 
T-1C on Sweet Oil Well Corrosion, Compiled 
by Task Group T-1C-1 on Field Practices. 
Pub. No. 56-3, Per Copy $1.00. 
TP-1D Sour Oil Well Corrosion. Corrosion 
August, 1952, issue. NACE members, 
$.50; Non-members $1 Per Copy. 

TP-1G_ Field Experience With Cracking of 
High Strength Steel in Sour Gas and 
Oil Wells. (Included in Symposium on Sulfide 
Stress Corresion.) (Pub. 52-3) $1 Per Copy, 5 
or more copies to one address, $.50 Per Copy. 


Sulfide Corrosion Cracking of Oil 
Production Equipment. A Report of 
Technical Unit Committee T-1G on Sulfide 
Stress Corrosion Cracking. Pub. 54-5. $.50 


Unit Committee T-1J on Oil Field 
Structural Plastics. Per Copy $1.00. 


Reports to Technical Unit Commit- 





@ Central Arizona Section 


David F. Moser, Chairman; El Paso 
Natural Gas Company, P. O. Box 
1630, Phoenix, Arizona 

Russell Jackson, Vice-Chairman, 
Rust-Proofing, Inc., P. O. Box 
1671, Phoenix, Ariz. 

Roy P. Osborn, Secretary-Treasurer; 
Mountain State Tel. & Tel. Com- 
pany, Box 2320, Phoenix, Arizona 












@ Los Angeles Section 


J. S. Dorsey, Chairman; Southern 
California Gas Company, Box 3249, 
Terminal Annex, Los Angeles 54, 
Cal. 

C. E. Hedborg, Vice-Chairman; 
Union Oil Company of California, 
Research Center, Post Office Box 
218, Brea, Cal. 

J. Glen Lacy, Secretary-Treasurer; 
Amercoat Corporation, 4809 Fire- 
stone Boulevard, South Gate, Cal. 





















@ Portland Section 


Norman H. Burnett, Chairman; 230 
South 187th St., Seattle 88, Wash- 
ington, 

R. S. Baynham, Vice-Chairman; 10495 
S.W. 7lst Avenue, Portland 19, 












Treasurer; Electric Steel Foundry, 
2141 N.W. 25th Ave., Portland, 
Oregon 
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@ Salt Lake Section 


John P. Reeves, Chairman; Reeves & 
Company, 334 West 17th South, Salt 
Lake City, Utah 

LG. Haskell, Vice-Chairman; Salt 
Lake Pipeline ce.. ©. i: Box 117 
Salt Lake City, Utah 

Frank L. Pehrson, Secretary-Treas- 
urer: Kennecott Copper Corp., 
P. O. Box 1650, Salt Lake City, 
Utah 


> 


@ San Diego Section 

Dan Nordstrom, Chairman; The Gates 
Rubber Company, 3616 Arizona 
Street, San Diego 4, Cal, 

Li ks Flor, Vice- Chairman; 1036 Les- 
lie Road, El Cajon, Cal. 

Kenneth R. Christy, Secretary-Treas- 
urer; Federal Housing Administra- 
tion, 601 ‘‘A” Street, Room 201, 
San Diego 1, Cal. 


@ San Joaquin Valley Section 

R. I. Stark, Chairman; Pacific Gas 
and Electric Company, Dept. of 
Pipe Line Operations, P. O. Box 
3246, Bakersfield, Cal. 

Jerry P. Mitchell, Vice- Chairman; 
Cardinal Chemical, Inc., P. O. Box 
463, Bakersfield, Cal. 

BR. 2: Davis, Secretary-Treasurer; 
_ erior Oil Company, P. O. Box 

031, Bakersfield, Cal. 


@ San Francisco Bay Area Section 


James K. Ballou, Chairman; Standard 
Oil Company of California, 225 
Bush St., San Francisco, Cal. 

J. B. Dotson, Vice-Chairman; Rock- 
well Mfg. Co., Nordstrom Valve 


Per Copy. eee ai i Div., 2431 Peralta St., Oakland 7, 
T-1J Status Report of NACE Technical eh cae, fe. Paes * 


B. A. Kronmiller, Secretary-Treas- 
urer; The Flox Co., Inc., 1516 Oak 
Street, Alameda, Cal. 













tee T-1J on Oilfield Structural Plas- 
tics. Part 1, Long-Term Creep of Pipe Ex- 
truded from Tenite Butyrate Plastics. Part 
2, Structural Behavior of Unplasticized Geon 
Polyviny! Chloride. Publication 55-7. Per 


Copy $.50. 

T-1J Summary of Data on Use of Struc- 
tural Plastic Products in Oil Pro- 

duction. A Status Report of NACE Technical 

Unit Committee T-1J on Oilfield Structural 

Plastics. Per Copy $.50. 


































‘TAP E COAT? Quality 


is Your Guarantee of 













T-1J Service Reports Given on Oil Field 
Plastic Pipe. Activities Report of 
T-13 on Oilfield Structural Plastics. Per 


Copy $.50 

T-13 Oilfield Structural Plastics Test Data 
are given. Activities Report of T-1J 

on Oilfield Structural Plastics. Per Copy $.50. 






























T-1J Reports to Technical Unit Commit- 

tee T-1J on Oil Field Structural 
Plastics. Part 1—The Long Term Strengths 
of Reinforced Plastics Determined by Creep 
Strengths. Part 2—Microscopic Examination 
as a Test Method for Reinforced Plastic Pipe. 
Per Copy $.50 


T-1J Status Report of NACE Technical 

Unit Committee T-1J on Oil Field 
Structural Plastics. Part 1—Laboratory Test- 
ing of Glass-Plastic Laminates. Part 2— 
Service Experience of Glass Reinforced Plastic 
Tanks. Part 3—High Pressure Field Tests of 
Glass-Reinforced Plastic Pipe. Per Copy $.50. 


For Pipe, 
Pipe Joints, 
Fittings, Couplings, 
Tanks, Tie Rods 
and Conduit 




































To reduce maintenance costs, get the best possible 
protection at the lowest possible cost. Since 1941, 
TAPECOAT has proved its superiority in combat- 
ing corrosion. This quality coal tar coating in 
handy tape form is self-bonding— simple to apply 
with the use of a torch. Requires no trained help. 
Cuts maintenance and replacement costs. Comes in 
rolls of 2”, 3”, 4”, 6”, 18” and 24” widths. Also avail- 
able in asphalt. 
















T-1K Proposed Standardized Laboratory 

Procedure for Screening Corrosion 
Inhibitors for Oil and Gas Wells. A Report 
of T-1K on Inhibitors for Oil and Gas Wells. 
Publication 55-2. Per Copy $.50. 






















Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
+ aa outside the United States, Canada 
an 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 
1061 M & M Bldg. Houston 2, Texas 









Write for brochure and prices 


Ihe TAPECOAT mo ff 


Originators of Coal Tar Coating in Tape Form 









1521 Lyons Street, Evanston, Illinois 


August, 19. 
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CTEELCOTE Corrosion News 


1957 Reporting the Latest Developments in Corrosion Control 1957 


Steelcote Epo-Lux Zinc Rich Zinc 
Dust Primer Licks Industry’s 
Tough Corrosion Problems 


Makes Possible Cathodic Protection, Plus 
Strongest, Longest-lasting Resistance to 
Acids, Alkalis, Salts and Solvents 






Steelcote Epoxy Research 
Has Produced 
Many New Products 













In addition to EPO-LUX 100 and ZINC 
RICH ZINC DUST PRIMER, Steelcote re- 
search has produced epoxy products that 
create new standards of performance in the 
fields of floor, grout, and wall repair and 
resurfacing, tank linings, boat bottom con- 
struction and repairs of cracks in metal. 

















Steelcote EPO-LUX ZINC RICH ZINC DUST PRIMER deposits over 90% pure zinc metal 
to the surface. This amount gives the maximum cathodic action possible from cold 
“on site’’ application. Epoxy adhesion and 
flexibility assures satisfactory performance 
of an overcoat of EPO-LUX 100. This most 
4e~ resistant of all type air dry organic coat- 
- lm «ings to alkalis, acids, solvents and salts 

- assures the zinc will continue to give 
cathodic protection for the maximum 
number of years. In the most extreme 
conditions Steelcote epoxies are some- 
times needed in combination with other 
pigments as an in-between coat for 
greastest possible density and impervious- 
ness. We invite you to undertake an 
immediate test application. 

















VIEW OF BUILDINGS HOUSING 
STEELCOTE RESEARCH LABORATORY 














President of Steelcote 
Invites Corrosion Engineers 
to Avail Themselves 
of Steelcote 
Engineering Service 
















TYPICAL CHARACTERISTICS OF EPO-LUX 100 


75% hardness of glass with high gloss 
FLEXIBILITY Excellent dimensional stability 


eer de eau SOLVENTS, Superior to all other air dry organic finishes 






Steelcote manufactures § 
more than 100 pro- 
ducts. For consultation 
on the use of these 
products or to solve 
special problems, we 
offer you the services 
of our Engineering De- 
partment. Just drop a 
line describing your problem to Steelcote 
Manufacturing Co., 3418 Gratiot, St. Louis 
3, Mo., U.S.A. In Canada: Steelcote Mfg. 
Co., Ltd., Rodney, Ontario. Jobbers in 
principal cities. Write Dept. 6. 







Excellent on metal, wood, concrete, paper, certain 
rubbers and plastics 
FILM THICKNESS 2 to 3 mils per coat when brushed, sprayed or rolled 


STEELCOTE EPO-LUX ZINC RICH ZINC DUST PRIMER 


[woo | suerte bese of ce cnr mrenon_ 
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Polyken No. 900—12 mils, the original all-inclusive tape coating for 
straight-run applications. 


































































Polyken No. 920—20 mils, thick and tough for heavy-duty use on 
straight runs, yet it’s conformable, too. 
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% 
Polyken No. 940—12 mils, just the right balance between elasticity 
and super-conformability for use on irregular pipe structures. 
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One of these three 
is the tape coating for you 


Only if you use a Polyken 


polyethylene tape on accessory jobs are 
you getting the most for your money 


Whatever your need in accessory tape coatings, you will 
find a better solution at lower cost with one of these Polyken 


tapes. 


Top corrosion fighter 


Why Polyken? Because only Polyken has successfully de- 
veloped the complete line of polyethylene tape coatings. 
And no other tape coating—absolutely none—can match 


the remarkable properties of Polyken polyethylene: 


tough and elastic 


@®evwee#ee? @ 


next purchase order. 


Atlanta, Georgia: Anti-Corrosion Mfg. 
Co., Inc. 


Chicago, Ill.: Sales Engineering, Inc. 
Cincinnati, Ohio: Hare Equipment 
Cleveland, Ohio: The Harco Corp. 
Des Moines, Ia.: The Donald Corp 


Fort Worth, Texas: Plastic Engineering & 
Sales Corp. 


Harvey, La.: Allen Cathodic Protection Co. 


Kansas City, Mo.: Industria! Coating’s 
Engineering Co. 


Long Beach, Calif.: Barnes & Delaney 


Minneapolis, Minn.: Simcoe Equipment 
Co. 


Here is your Polyken Distributor ...Contact him now. 


unplasticized, non-drying film 

doubly thick adhesive to seal all voids 
far higher adhesion for a true bond to pipe surface 
lower water vapor transmission rate 

higher electrical insulation resistance 

better cold weather handling and durability 


Compare the cost of each Polyken tape with that of the 
competitive tape it surpasses. See for yourself on your 





Oakland, Calif.: Bison Co. 


Philadelphia, Pa.: Harold N. Davis Co, 


Pittsburgh, Pa.: Royston Laboratories, 


Inc. 


Plainfield, New Jersey: Stuart Stee! Pro- 


tection Corp. 


St. Louis. Mo.: Shutt Process Equipment 
Corp 


San Francisco, Calif.: Aetna Sales Co. 


Seattle, Wash.: Farwest Corrosion Con- 
trol Corp 


Seattle, Wash.: Pacific Water Works 
Supply Co. 


Tulsa, Okla.: William Cluf Corp. 


Complete catalog, Sweet's Industrial Construction File, Sec. 72 


Poluken 


PROTECTIVE COATINGS 





THE KEN DALL COMPANY 
Polyken Sales Division 
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“| Hot Stack Metallizing Pays! 
of Stac efailizing Pays: 
Pure aluminum .006-inch sprayed on this 
METCO SYSTEM furnace exhaust stack—covered with silicone 
Specially designed for service in organic coating gives long, rust-free life 
SALT, We have the men, the equipment and 35 years of experience. We do your 
job right, the way you want it and when you want it. Gartner is equipped 
‘he INDUSTRIAL and for shop or field applications of sprayed zinc or aluminum systems, with 
wi RURAL sprayed or brushed sealer coats on any kind of equipment anywhere on the 
Gulf Coast. 






exposures of steel surfaces from 180 to 
900 F, hot water at pH 5 to 10 and steam 


at all temperatures. Metallized Diesel Engine Mufflers Last Longer 


METCO* System 120 consists of a 
sprayed coating of pure aluminum 
followed by a silicone aluminum or- 
ganic topcoct. The finished surface has 
the color of aluminum paint. 








These Diesel engine mufflers have had 
an application of sprayed aluminum 
metal and silicone sealer. This system 
lasts longer with less maintenance cost 
than with almost any other kind of 
coating. Let us quote you on spraying 
your engine mufflers in our shop or on 









Commonly used on smokestacks, hot oil 
refinery lines, exhaust stacks, hot water 
tanks and other heated surfaces. 


®@ METCO 120 is only one of many spe- 5 
cialized systems we can apply for you. the job. 
Ask us about your coating problem. @ Write for free literature or call us 


“Registered U.S. Patent Office. _— today. 











Since 1923 








Office: 3805 Lamar Ave., 
Houston, Texas 


Call Us For: 
Sandblasting 


Painting Metallizing é yy 2 3 Post Office Box: 1303, 
Concrete Wrecking zi | E os Houston, Texas 
Buildi cl i 

ee oo “ ‘*# 0 M eq | a Warehouses: Milby Street 
Steam Cleaning and Katy Road, Houston 


Rokide Ceramic Coatings HOUSTON 
TEXA'S Telephone: CApito!l 8-5338 








































Rental Equipment 
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LEAD | 
Nas 


Protection . . and an 
Enduring Quiet Beauty 


The Dome of the United Nations Gen- 
eral Assembly Hall is covered with 
lead-coated copper sheets, the lead 
being exposed to the elements. 


There is something symbolic about 
the choice of lead for protecting a 
building that earries the hopes and 
prayers of mankind for an enduring 
peace. For lead has a lasting quality, 
practically equal to that of the so- 
called ‘noble’ metals. Lead will last 
for centuries unchanged. It is indeed 
fitting metal to guard this world- 
renowned building, so dedicated to 
peace, against the battering and cor- 
rosive forces of nature. 


Lead is such a useful metal. 

For Chemical and other types of 
construction, lead provides the same 
protection against man-made corrosive 
elements. In both natural form and 
Various compounds, lead is the basis of 
many of our industrial activities. 


Director of Planning: Harrison & Abramovitz, Architects 


: ‘ 
Me ist LEAD COMPANY 
ni id argest Producer of Lead in the eee Nie] 
K AVENUE, NEW YORK 17 EER 
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Weeté bent eet ede PROTECTION 
AGAINST bei e iad Tet tial <1 


Dearborn has compiled a new 12-page illustrated cat- 
alog describing the latest approved methods of coat- 
ing and wrapping underground or underwater pipe 
for long-term protection. Every pipeline contractor, 
utility and private operator will want a reference copy. 

The catalog describes NO-OX-ID compounds and 
NO-OX-IDized Wrapper combinations developed for 
corrosion control under all soil conditions. It tells how 
to apply NO-OX-IDs, hot or cold, by Traveliner, by 
hand or at the mill... how to get more pipe coverage 
with less equipment and smaller coating crews. 


it pays to specify 


Drearvbows wo-ox-w 


Specify NO-OX-ID combinations 
for long-term protection 
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AT THE MILL 


UP-TO-DATE INFORMATION ON PIPELINE PROTECTION 
.. _ NEW NO-OX-ID CATALOG 


Your copy is ready 


Just fill out the coupon and mail... we will send your 
catalog promptly. Please indicate the number required 
for staff use. If you prefer, we will have a Dearborn 
Pipeline Engineer deliver the catalog when he makes 
his consultation call. 


Pe Oe ee eee eee eeeeoeoeeoeeeeee24 


Dearborn Chemical Company 
Merchandise Mart Plaza, Dept. C, Chicago 54, Ill. 


0 Send me ........ new Dearborn NO-OX-ID catalogs. 
quantity 


0 Have a Dearborn Pipeline Engineer call with my copy. 
INGME sic cnc dswadecdcateceddaancedecaead metvaas soduudda 
COMMING avi odes va cectedsdcddennctdecetecnoucauavectua 
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 TATIONAL ASSOCIATION OF 
CORROSION ENGINEERS 


is a non-profit, scientific and research association of individuals 
and companies concerned with corrosion or interested in it, whose 
objects are: 


(a) To promote the prevention of corrosion, thereby curtailing economic 
waste and conserving natural resources. 


(a) To provide forums and media through which experiences with corro- 
sion and its prevention may be reported, discussed and published for 
the common good. 


To encourage special study and research to determine the fundamental 
causes of corrosion, and to develop new or improved techniques for its 
prevention. 


To correlate study and research on corrosion problems among technical 
associations to reduce duplication and increase efficiency. 


To promote standardization of terminology, techniques, equipment and 
design in corrosion control. 


To contribute to industrial and public safety by promoting the preven- 
tion of corrosion as a cause of accidents. 


) To foster cooperation between individual operators of metallic plant 
and structures in the joint solution of common corrosion problems. 


) To invite a wide diversity of memberships, thereby insuring reciprocal 
benefits between industries and governmental groups as well as between 
individuals and corporations, 


It is an incorporated association without capital stock, chartered under 
the laws of Texas. Its affairs are governed by a Board of Directors, elected 
by the general membership. Officers and elected directors are nominated by 
a nominating committee in accordance with the articles of organization. 
Election is by the membership. 

Inquiries regarding membership, and all general correspondence should 
be directed to the Executive Secretary at the administrative headquarters of 
the National Association of Corrosion Engineers at 1061 M & M Building, 
No. 1 Main Street, Houston 2, Texas. 


OFFICERS, 1956-57 


W. H. STEwart 


L. L. WHITENECK 
Treasurer A. L. STEGNER 


Executive Secretary A. B. CAMPBELL 
1061 M & M Bldg., Houston 2, Texas 


DIRECTORS 


President 
W. H. STEWART 
Sun Pipe Line Co., Beaumont, Texas 


Vice-President 


L. L. WHITENECK 
Plicoflex, Inc., Los Angeles, Cal. 


Treasurer 
A. L. STEGNER 1957-58 


Tennessee Gas Transmission Co., Houston, Texas 


Past-President 


W. F. FAIR, JR 1957-58 
Tar Products Diy., Koppers Co., Inc., 
Pittsburgh, Pa. 


Representing Active Membership 
E. G. BRINK 1957-60 
American Viscose Corp., Marcus Hook, Pa. 
EEWIS 3: DONOVAN «oa ccscisteosweancneek 1957-59 
Conselidated Edison Co. of N. Y. 


A. D. SIMPSON, JR 


United Gas Corporation, Houston, Texas 


Representing Corporate Membership 


R. E. KUSTER 1957-60 
Unien Gas Co. of Canada, Ltd. 
Chatham, Ontario, Canada 

R. S. TRESEDER 1957-60 
Shell Development Co., Emeryville, Cal. 

H. L. BILHARTZ 1956-59 
Production Profits, Inc., Dallas, Texas 

Cc. G. MUNGER 1955-58 
Amercoat Corp., South Gate, Cal. 

ROBERT R. PIERCE 
Pennsalt Chemicals Corp., Philadelphia, Pa. 


Representing Regional Divisions 
JOHN B. WEST (Southeast) 1957-60 
Aluminum Company of America, Atlanta, Ga. 
F. E. COSTANZO (Northeast) 1957-60 
Manufacturers Light and Heat Co., Pittsburgh, Pa. 
H. F. HAASE (North Central) 1956-59 
Milwaukee, Wis. 

H. E. WALDRIP (South Central) 1956-59 
Gulf Oil Corporation, Houston, Texas 

A. R. MURDISON (Canadian) 1956-59 
Imperial Oil Company, Ltd., Toronto, Ont. 


ROBERT H. KERR (Western) 1955-58 
Southern California Gas Co., Los Angeles, Cal. 


Directors Ex Officio 
H. C. VAN NOUHUYS, Chairman Regional 
Management Committee 
Southeastern Pipe Line Co., Atlanta, Ga. 


E. P. NOPPEL, Chairman Policy and Planning 
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Ebasco Services Inc., New York, N. Y. 


THOMAS P. MAY, Chairman Publication Committee 
International Nickel Co., Inc., 
Wrightsville Beach, N. C. 
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— Topic of the Month 
957.5 e - 2 . 
= Soil Stress Damage to Pipe Lining 
957-60 
By PAUL W. LEWIS* 
57-59 
55-58 
= ORROSION ENGINEERS generally agree that, 
C among other factors, the contraction stresses 
57-60 produced by the drying of certain clay-type soils 
must be taken into account when selecting the ex- 
56-59 terior coating material for piping to be buried in 
these soils. For the lining of the interior of water- 
15-58 bearing pipe, such factors as corrosiveness of water, 
water velocity, quantity of water-borne abrasives, and 
9-58 temperature are considered. 
Normally it would not be expected to find an in- 
terior lining damaged by soil stress. Thus, it came as 
7.60 something of a surprise to discover the deep cracking 
and alligator pattern which typifies soil stress action 
7.60 on the interior coal-tar enamel lining of the 18-foot- 
is diameter penstock at Alcova Powerplant near Cas- 
6.59 per, Wyoming. 
The Alcova Powerplant was constructed in the 
5-59 vears 1952 through 1954. Water stored in the reser- 
voir is used for irrigation and development of power. 
+59 The power penstock, which was lined with coal-tar 
enamel during the summer of 1953, carries water at 
58 a flow rate of approximately 14 feet per second to two Fignee: tieieliliéan’ 6 chap whe atid an 
generators, each rated at 18,950 kva. surface of the coal-tar enamel lining. 
An inspection of the penstock in November 1956 ate ; 
disclosed unexpected and severe deterioration of the with dried clay chips, most of which still adhered to 
enamel lining. The worst damage was observed along the enamel, although usually they could be dislodged 
the invert center line, with lesser disruption up the bya light blow. The cracking pattern of this clay with 
circumference to a height of about five feet. In areas reference to the cracks in the enamel left no doubt 
of most severe damage, cracks penetrated to the metal. that a single drying cycle was responsble jor the 
Many of the cracks were of the order of 1/16 inch severe damage to the coating. The appearance of the 
lee deep and 1/16 inch wide. Higher in the pipe, only clay-covered area and the detrimental effect on the 





coating may be seen in Figures 1 and 2. 

Upon investigation of events preceding the inspec- 
tion, it was found that when the penstock was un- 
7 watered to a depth of about three feet so that the pipe 
* Engineer, Division of Engineering Laboratories, Bureau of Reclama- could be entered, about 18 inches of clay slurry had 


tion, Denver, Colorado. 
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minute surface cracks were found, and the arch was 
unaffected. Nearly the entire invert area was overlaid 
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Figure 2—Deep cracks in coal-tar enamel lin- 
ing caused by drying action of clay slurry were 
disclosed upon removal of the clay. 


settled out. After further lowering of the water level. 
it was necessary to flush this clay with additional 
water, and final washing was accomplished with 
hoses. Since damage to the coating was not foreseen, 
complete removal of clay slurry was not attempted, 
After drying, a layer of clay remained, having an ay- 
erage thickness of only about 1/16 of an inch with 
some areas up to 3/16 of an inch thick. Thus, the very 
considerable damage to the enamel lining stemmed 
from the presence of what would otherwise be con- 
sidered an insignificant quantity of slurry. 

Samples of the clay collected from the penstock 
were subjected to soil and chemical tests in the 
Bureau’s Denver laboratories. Results of these tests 
showed the material to be a highly plastic clay, sub- 
ject to large volumetric shrinkage when dried from 
near the liquid limit to near the shrinkage limit. 

Soil in the interior of lined pipe is seldom present 
under circumstances conducive to producing soil 
stress on the lining. Yet, as shown in this instance, it 
can happen, with destructive effects on an otherwise 
excellent lining. In a similar situation in the future, 
the clay will either be removed completely or kept 
moist while the pipe is out of service. 
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Testing of Coal Tar Coatings (III) Resistance to Fouling 
And Degradation by Marine Organisms” 


By R. B. TEEL and W. F. FAIR, JR. 


> COn- 


stock Introduction 
nthe HE DEVELOPMENT of better protective coat- 
tests ee se cea aS coe ian 
ing systems which are resistant to deterioration 
, sub- : + Seah “a= . . R. B. TEEL is assistant manager of The Inter- 
ie y marine organisms and effective in preventing the ; : ; 
from ’ : : : % national Nickel Company’s Kure Beach-Harbor 
en ‘orrosion of metallic structures immersed in sea Lalani enting’: @iianbelen: Wien Minted: Siaaiens 
wea water is of continuing interest to marine and corro- lelieadh: Didelli: Cassin Bins Oi to 1943 na 
ee jon engineers. While coal tar coatings have gained was @ member of The Interactions! Nickel Com- 
SOU | considerable recognition for their low water permea- pany’s Bayonne, N. J. Research Laboratory staff, 
ice, it bility, good adherence and the protection which they leaving there to join the Army Air Force. In 
rWis€ | ford steel exposed to severe corrosive conditions, ve = a — m poet ge 
e . = : rom Carne tut is 
iture, FT tey, along with many other types of coating, are rnegie Institute of Technology. He re 
kept “Sg : : : joined The International Nickel Company after 
subject to damage by barnacles. 


a short period with the G. W. Carnrick Co. Mr. 

Teel is past chairman of the Carolinas Section 

of NACE. He is a member of the North Carolina Society of Engineers, 

the Electrochemical Society ASTM, the Wilmington Engineers Club 
and NACE. 


s 


After attachment as an embryo, the growth of the 
harnacle proceeds in such a way that the sharp outer 
edge of the base extends down and out, thereby cut- 
ting into the coating and eventually exposing the 
steel below. This is illustrated in Figure 1, where 
a wax block was exposed in sea water for a period 
of six months in order to show the type of damage 
that can occur to soft materials as a result of bar- 


W. F. FAIR, JR. is coating consultant in the 
Tar Products Division of Koppers Company, 
Inc., Verona, Pennsylvania. He received an AB 
from Harvard College and an MS and PhD 


nacle growth. Where barnacle attachment is severe, 
acoating can be completely destroyed within a period 
ff several years. 
Barnacle damage can be minimized by providing 
a surface coating which is: 
1. Anti-fouling: one from which copper is 
leached into the water at a rate of at least 
10 micrograms/sq. cm./day.* 


. Impervious: where barnacles are unable to 
cut the coating. 

.Resilient: with sufficient “rubber-like” 
quality to resist penetration. 

4. Soft, and at least 3¢-inch thick: so that 
attaching barnacles will eventually be 
overcome by the coating with increasing 
depth of penetration. 


Of the four approaches, the first two are the most 
practical. 

The literature contains many references’ on the 
importance of the leaching rates of the toxic mate- 
nal from anti-fouling compositions and methods of 
its determination. It has been demonstrated that the 
rate of leaching of the toxic must be maintained 
above a certain minimum in order to prevent embryo 
organism attachment to the coating surface. This can 
be brought about by providing a semi-permeable dry 
film matrix from which the toxic can be leached or 
by providing a relatively impermeable matrix which 
will slough progressively with aging, thereby con- 


*& Submitted for publication January 21, 1957. 


in chemistry from Columbia University. His past 
experience includes research work for the Bar- 
rett Division of Allied Chemical and Dye 
Corporation, several years as Professor of 
Chemistry at Manhattanville College in New 
York City, and Senior Fellow at Mellon Institute 
on a Koppers Company Fellowship. For 10 years 
he supervised coatings development work of the 
Tar Products Division of Koppers Company at 
their Westfield, New Jersey, Laboratory. Dr. 





Fair served as president of the Society of Rheology from 1945 to 1949, 
receiving the Bingham Medal in 1950, and was on the Board of 
Governors of the American Institute of Physics from 1945 to 1951. 
In March, 1956 he began a one-year term as president of NACE. 
Previously he had been chairman of the New York Metropolitan Section, 


member of the Board of Directors, and vice-president. 


Abstract 

Coal tar coatings on metal structures immersed in sea 
water can be made to resist barnacle damage by 
giving them a tough cement-like surface which 
serves as a barrier. A workable coating would con- 
sist of 144 enamel-23 sand mix (by weight). Pro- 
longed anti-fouling protection can be furnished by 
coal tar coatings modified to be less impermeable to 
water and thus provide the required leachability of 
toxics necessary for continued good performance. 
Coatings of both types have performed well in sea 
water extending for periods up to six years. 

Extensive data are given to show the resistance of 
coal tar and asphalt enamels to barnacle penetration, 
the resistance of experimental coatings systems: to 
barnacle penetration, the effect of toxic, toxic pre- 
treatment and vehicle on the anti-fouling properties 
of coal tar base coatings, the influence of barrier and 
anti-fouling coating formulations on anti-fouling per- 
formance, and fouling ratings of tar base coatings 
during exposure to sea water. Experiments were per- 
formed to test coal tar coatings on creosoted wood. 
Other panels used in tests include steel, galvanized 
steel and untreated pine. 5.4.8 


49It 
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Figure 1—Appearance of wax block after six months in sea water. Note 
how barnacles cut into soft materials. 


TABLE 1— Resistance of Coal Tar and Asphalt Enamels to 





Condition of Coating Material After the 
Period of Immersion Indicated (Years) 


1.6 1.8 


Panel Coating Material £2 
671 | Solid poured block | Barnacle pene- | No change 
| of plasticized tration to 14” | 
enamel, one inch | 
thick; no metal 
substrate 


Removed because 
of rack failure. 
Coating penetra- 
tions from %” to 
34” deep. 


Barnacle pene- No change | Removed because 
tration to 3%” | | of rack failure. 
| Coating penetra- 
tions from 14” 
to 3%” deep. 


672 | Solid poured block 
| of asphalt 
enamel, one inch 
thick; no metal 
substrate 


673 | Steel panel coated | 
with plasticized | 


Barnacle pene- | No change Removed bacause 
tration to 44” of rack failure. 
enamel, 145” to only fewer | Coating penetra- 
342” thick on one penetrations. tions from 1%” 

side and 34” thick to 34” deep. 
on the other. 


tinuing to expose a fresh layer of toxic ingredients 
to the sea water at the interface. A tar vehicle, even 
though sufficiently loaded with toxic, will not pre- 
vent fouling if it provides a dry matrix film, which 
is too stable, impermeable and inert to water to per- 
mit toxic ions to be released. A permeable matrix 
would have good initial anti-fouling properties, but 
probably would release the toxic compounds in 
amounts much greater than needed to prevent attach- 
ment. The toxic thereby would become exhausted 
and ineffective and fouling would proceed rapidly 
after a short time. Control of permeability and leach- 
ing rates is, therefore, an essential feature of the 
formulation of anti-fouling coatings, including those 
having a coal tar base as discussed here. 

It has been postulated that a soft or gelatinous 
coating could prevent organism attachment and 
growth by presenting a surface which is too insecure 
to provide the required firm, stable anchorage. Such 
slimy surfaces have been associated with an absence 


of fouling as was demonstrated by Wyche, Voigt 


and LaQue™ when they coated stainless steel panels 
with petroleum jelly and immersed them in sea water 
for 11 months, during which time no fouling was 
observed to occur. 
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Figure 2—Extent of fouling on enamel-aggregate coating after two 
years in sea water. 


Since it is usually unwise to apply anti-fouling 
coatings directly on steel because of possible corrosive 
effects and since, too, they cannot be expected to sur- 
vive for the period required, there is need for a good 
composite protective coating system. Such a system 
would consist of a stable permanent barrier coat and 
a compatible, durable anti-fouling coating which 
would release adequate amounts of toxic reliably and 
continuously over prolonged periods of time. 

There have been several new developments in coal 
tar coatings which meet these requirements. They 
are: 

1. Surface barriers (impervious coatings) for 
use where fouling need not be prevented. 


2. Coal tar anti-fouling formulations. 


These two developments will be discussed below. 

Mention also will be made of the application of these 
anti-fouling coatings to bare and creosoted wood and 
to steel. 


Surface Barrier Type Coatings 

Tests conducted at Inco’s Kure Beach-Harbor 
Island Testing Station at Harbor Island, N. C. in 
1949 during the eight-month fouling season showed 
barnacle penetration to be of the order of % inch to 
14 inch for coal tar and asphalt enamels. Generally, 
coal tar enamels were more resistant to barnacle 
penetration than the asphalts. These tests were made 
on solid blocks of enamel 1 inch thick and on a heav- 
ily coated steel panel. 

Test results are given in Table 1. This work dem- 
onstrated the rapidity of coating failure by barnacle 
penetration and the need for the development of sup- 
plemental coatings not subject to such damage. 

As an extension of this investigation, one foot 
square steel panels, 14 inch thick, were covered with 
a number of different coating systems, designed to 
resist barnacle penetration. After two years immer- 
sion in sea water, all panels were given’a fouling 
rating of “O”.” The extent of fouling is shown in 


@) Fouling Rating (FR) = 10—free of fouling 
0—completely fouled 
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Figure 3—-Appearance of cement slurry over a coal tar coating after Figure 4—Enamel-aggregate coating with fouling organisms partially 
six years exposure to sea water. Coating was as follows: one coat B50, removed to show absence of coating damage after six years in sea 
one coat F28, and one coat cement slurry (cement-rich sand-cement water. Coating was as follows: one coat 70B primer, one coat 70B 

mix). enamel, and one coat 70B enamel and sand (3 enamel, 34 sand by 






weight). 










TABLE 2—Resistance of nae Cony ‘Symeen to Barnacle Penetration 












CONDITION OF COATINGS AFT ER THE PERIOD OF IMMERSION INDICATED ( (Years 






















Panel | Coating System! 1.2 1.6 2. 2 3. 2 4.2 5. 2 
665 Plasticized enamel, Class 4 emulsion cold coat- | No penetration No change No change No change Cracks Lost# 





ing, and 44 inch sand-cement mixture? 








666 Hot line ename el?, \4 ine h panics -cement No penetration No change No change No change — ] No chi ange Lost* 














667 Plasticized enamel, two plies Fibre glas wrap, | Penetration to No change No change Top coat gone, | slight | Failed Failed 


thin coat enamel. penetration of 
F ibreglas wrap. 














668 Plasticized enamel, one ply 15 |b. coal tar satu No penetration, | Slight penetra Bad penetra- Top coat gone—no | Felt ex- Failed 
rated asbestos wrapper. coating has tion tion—failing penetration of posed 
poor adhesion felt 


















669 Hot mastic 35% } 16” aggregate sand) and | No penetration, | Slight penetra- Slight penetra- Slight penetration; No change | No change 
35% plasticized enamel. coating has tion tion no damage 






poor adhesion 








670 Sand e -mbedde d in plastic ized enamel, ‘topped No penetration, | No change No change No change No change | No change 


with 14” sand-cement. coating has 
poor adhesion 










674 Pla astic ized eng amel two ie s Irish felt, thin | No penetration, | Slight penetra Slight penetra- Top coat gone Failed 
coat enamel. half of coat- tion tion 
ing is missing 










675 Plasticized enamel, thin coat Class 3 coating, | No penetration No change Coating failed Failed Failed 
polyethylene sheet, 0.02” thick sealed in place of plastic steel corroding 
with light applic: ation of C lass 3 co ating. 






676 Plasticized ename I, thin coat Class 3 coating, | No penetration No change Coating failed Failed Failed 
cellulose acetate sheet 0.008” / thick, seale d in of plastic steel corroding 
place with light application of Class 3 coating. 











No penetration, No change No change No change No change | No change 


good adhesion 





Plasticized enamel, Class 4 emulsion cold coating, 
a " thick sand-cement mix containing 20% 






















' Coatings applied ae brush and cual toas wid sated surface 
2 Stiff cement-rich mix. 
3 Experimental high softening point enamel. 
4 Racks disintegrated from organism attack 










some panels lost, remainder discontinued. 









Note: 1. The cold coating classes are described in Reference 15. 
2. Sand—angular silica blasting sand classified by a 12-20 mesh. 
3. Panels immersed in Sea Water: 30 March 1949 









Figure 2. Fouling organisms included filamentous 2. Hot mastic containing small, hard, sharp 
and encrusting bryozoa, barnacles, hydroids, tuni- aggregate (sand). 





cates, mytilus and oysters. Of these organisms, only 
the barnacles were able to penetrate the coating. 

The type of coating systems investigated and their 
condition at a number of different time periods are 
given in Table 2. From this, it appears that two sys- 
tems were worthy of consideration as barnacle- 
resistant barrier type coatings: 





Practical considerations would probably lead to the 
preference of the aggregate reinforced hot .enamel 
mastic over the thin cold applied cement top coat 
because of the necessity of curing the latter, and its 
susceptibility to damage during the time the pile is 
being driven. However, it can be reported that, where 
it has been possible to retain the cement top coat on 
1.Cement slurry (sand-cement mixture). the surface of the pile, this type of coating has per- 
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Figure 5—Appearance of coated steel pipe after 11 years immersion 

in sea water. Coating was as follows: one coat 70B primer, one coat 

70B enamel, and one coat cement slurry wrapped with cotton cloth. 

Top photograph shows pipe before cleaning and bottom photograph 
after cleaning. 


formed well at Harbor Island over the past six years 
(see Figure 3). The value of the aggregate reinforced 
hot enamel mastic has been demonstrated in full 
scale tests on tubular and “H” beam pilings which 
have been in sea water at Harbor Island, N. C. for 
the past six years. This coating is tough, cement-like, 
has good adherence, resists barnacle penetration and 
withstands a moderate amount of mechanical abuse. 
The condition of this type of coating after six years’ 
immersion in sea water is shown in Figure 4. 

An earlier attempt to produce a permanent bar- 
nacle-resistant surface to protect steel, which met 
with considerable success, was one developed by 
Stromquist.** The method comprised coating a steel 
pipe with primer and enamel, then coating the enam- 
eled pipe with a cement slurry consisting of a cement- 
rich sand-cement mix approximately %4¢ inch thick. 
The pipe was rotated while a cotton fabric wrapper 
was pulled into the wet cement and then vibrated to 
flush a cement-rich film to the surface, which com- 
pletely covered the cloth wrapper. Upon curing, the 
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Figure 6—Appearance of anti-fouling coating after 52 years in sea 
water. Coating was as follows: one coat 70B primer, one coat 70B 
enamel, and one coat anti-fouling. 


Figure 7—Arrangement of bare and creosoted wood and metal tests 
panels on a sea water immersion rack. Panels are shown prior to test. 


coating became extremely hard and dense. Its resist- 
ance to barnacle penetration has been adequately 
demonstrated by the fact that a 10 foot, 4 inch diam- 
eter steel pipe so protected has been continually im- 
mersed in sea water at Harbor Island, N. C. for the 
past eleven years without sign of the slightest failure. 
The appearance of this pipe before and after clean- 
ing is shown in Figure 5. 


Coal Tar Base Anti-Fouling Formulations 


Early attempts to produce a coal tar base anti- 
fouling formulation met with mixed success. In a 
number of instances, panels prepared in an appar- 
ently identical manner produced different results 
when the panels were exposed at different test sites. 
Such behavior was even more bewildering when sim- 
ilar panels produced dissimilar results at the same 
test site. Because of these unexplained and conflict- 
ing results, much testing and re-testing was neces- 
sary in order to resolve the situation. 

Preliminary work was started early in 1943 with 
12-inch x 12-inch x 14-inch panels jointly prepared 
by the Wailes-Dove Hermiston Corp. and Koppers 
Co., Inc. Control panels, both bare and with a bar- 
rier coat, were included along with the experimental 
anti-fouling formulations in order to ascertain the rel- 
ative degree of fouling of all of the test panels in- 
cluded in the investigation at each test site. Several 
test sites were used in the course of the work, two 
at Inco’s Kure Beach-Harbor Island Marine Labora- 
tory near Wilmington, N. C., another at Daytona 








Figure 8 
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Top: None 


Top: Bare 
Bottom: 1 Coat Class 3 


Bottom: 1 Coat Class 3 
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Coat Anti-Fouling 


Figure 8—Appearance of coated metal panels after time periods indicated. Panels are, left to right: steel, galvanized steel, steel, galvanized steel. 
All panels were exposed one year. 






Top: 1 Coat Anti-Fouling 
Bottom: 1 Coat Class 3, 1 






Top: 1 Coat Anti-Fouling 
Bottom: 1 Coat Class 3, | 
Coat Anti-Fouling 




















































































tests 
test. 
1St- 
tely 
4 - . es . 
am TABLE 3—Preliminary Studies of Experimental Anti-Fouling Formulations 
im- —=— —— 
the TYPES OF ANTI- FOULING COMPOSITIONS 
mre: Series No. Barrier Coat Remarks on Panel Condition | Remarks on Paint Formulation* 
‘an- Series I | 
1, Phenolic-copper varnish } | j 
2. Copper-bronze powder (6 Ibs/ | Fouled rapidly. | Poor (2) 
gal) in plasticized-enamel | Plasticized enamel over plasticized- ; : 
primer | enamel primer (1 coat). | No fouling for several months. At Good (24 
3. Copper- bronze powder (6 Ibs/ | 20-24 months (2) was rated better | ; 
gal) in a commercial tar base | than (3). The former showed incip- | Fair (24 
ati vehicle originally developed for | | ident fouling, while the latter was | 
a leaf aluminum paint. | | completely fouled. 
1a Series II | 
ar- A dispersion of a copper paste, | (a) Plasticized enamel (1 coat), or | | 
nickel powder and cuprous oxide | (b) Plasticized-enamel primer (1 coat) 3 : | ; 
Its ina plasticized- enamel primer. | Fouled rapidly in a few months. | Poor (2 
es, Series ul 
Copper naphthenate and two types | (a) Plasticized coaltarenamel primer} __ 
m- of copper powder were dispersed | or | After 5 months exposure only the six | 
separately in the respective | (b) Plasticized coal tar enamel or | and nine pounds of copper/gal in | Generally poor; a few fair (5) 
me amounts of 3, 6 and 9 Ibs toxic/ | (c) Asphalt enamel or | the plasticized-enamel primer vehicle 
t- gal in six different vehicles. | (d) Coal tar solvent type cold applied | showed promise. 
C coatings of Clas ss 1 and 2. 
- aa as eas ee olsen See = ati Sc a penne etapa eeene aa 
eS Series IV | In 7 months a few. of the powders dis- 
Seventeen different copper powders | (a) Plasticized enamel or | persed in plasticized-enamel primer ; 
were dispersed in five vehicles. | (b) Class 3, high consistency, thixo- | vehicle showed little or no fouling. | Poor (19 
‘th Each paint contained 6 lbs | tropic, cold applied coal tar. | All panels badly fouled after 19 
Cu/gal. | months. 
2 Ca I lee Bees é = steiiptieteinaidigaiaciat actanog 
ed Series V | This series included 252 panels in dupli- | | Mixed results at 3 exposure sites (see text): 
rs Five copper compounds were in- cate. All but 72 failed in 15 months. | Kure Beach, N.C. 180 panels poor (15) 
4 cluded in three different ve- These panels _failed rapidly when 72 panels good (15) 
ir- hicles. Additives were added | Class 3 type coating. | eancuall at a different site (see text). | Daytona Beach, Fla. 72 panels poor (1-3 
to improve the permanence of | | Aransas Pass, Texas 238 panels poor (28 
-al the toxic. Total copper was 6 | 14 panels good (28)f 
1 Ibs gal. | 
: Series VI | All panels fouled badly after 7 months. Poor (7 
n- Those compositions which gave | 
al good results at Aransas Pass coating 
« Series V) were retested at Kure 
’ Beach. 
vO 
l~ 
= * The wailiees in brackets in this callentan indic ate the period to failure in months. 
1a + Of these, duplicates of four fouled badly at Kure Beach in 15 months. 
’ 





Note: Steel panel size was 12” x 12” x 4 
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Untreated Pine 


1 Year 1 Year 


Top: 1 Coat Anti-Fouling 
Bottom: 1 Coat Class 3, 1 
Coat Anti-Fouling 


Figure 9—Appearance of coated wooden panels after time periods 


indicated, 


Beach, Florida and the fourth at Aransas Pass, 
Texas. Usually, a large number of formulations were 
under investigation at one time, the normal practice 
being to expose duplicate panels of each formulation 
at one or all of the test sites being used. 

The types of anti-fouling formulations studied and 
the results obtained are given in Table 3, Series | 
through VI. The results obtained in Series I through 


Creosoted Pine 


Top: 1 Coat Anti-Fouling 
Bottom: 1 Coat Class 3, 1 
Coat Anti-Fouling 


Vol. 3B 


IV, and VI, are clear-cut and do 
not need further explanation. |; 
will be noted in Table 3 that al 
but 72 of the Series V panels ex. 
posed at Kure Beach failed in fif- 
teen months. Since changes in the 
environment at Kure Beach in 1945 
caused the incidence of fouling to 
decrease, the 72 panels were re. 
moved and re-immersed at Day- 
tona Beach, Fla., where they all 
fouled rapidly. It was not certain 
whether this failure was caused 
by drying and hardening of the 
coatings on the panels prior to 
their re-immersion or by the in- 
creased intensity of fouling condi- 
tions at Daytona Beach. 


2 Years 


Further studies on coal tar emul- 
sions as vehicles for anti-fouling 
coatings seemed promising at first, 
but it was soon learned that this 
general type of anti-fouling paint 
would deteriorate in the container 
and, therefore, would probably be 
impractical for inventory reasons. 
The possibility of freezing in stor- 
age or shipment also made this 
type of coating less practical than 
the solvent cutback preparations. 

After a detailed study of all pre- 
vious work, another series of panels 
was prepared to determine the ef- 
fect of the following factors on the anti-fouling 
properties of the coating: 

1. Ratio of toxic to non-toxic in dry film. 

2. Chemical treatment of toxic before incor- 
poration in the vehicle. 

3. Vehicle composition. 

In most cases, the anti-fouling formulations were 
applied over Class 3 barrier coats’® on sandblasted 


TABLE 4——The Effect of Toxic, Toxic Pretreatment and Vehicle on the Anti-Fouling Properties of Coal Tar 


Base 


Toxic 
Pretreatment Vehicle 
Milled in Water Tar Emulsion 
Milled in Water Tar Emulsion 
Milled in Water lar Emulsion 


Toxic 


‘uprous Oxide 
‘uprous Oxide 
‘uprous Oxide 


Tar Primer 

Cold Milled Primer 
Rosin, Creosote Emulsion 
Rosin, Pitch, Xylol 


Milled in Solvent 
Milled in Solvent 
Milled in Solvent 
Milled in Solvent 


“uprous Oxide 
‘uprous Oxide 
‘uprous Oxide 
‘uprous Oxide 


Tar Primer 


Tar Primer 
lar Primer 


‘opper “*M’’? None 
‘opper ‘*M” Tar Acid Oil 
“opper ‘*M” NHs 


‘opper “S'’2 None Tar Primer 
Sopper “‘S” Tar Aicd Oil Tar Primer 
‘opper “‘s NH3 Tar Primer 


‘opper ‘“‘V"’2 None Primer 
“opper Tar Acid Oil Primer 
“opper “V" NHs Tar Primer 
“opper “V" None Cold Milled Primer 


1 Fouling Rating: 10 = free of fouling. 
_0 = completely fouled. red a 
2 Different sources of copper are indicated by ‘‘M”’, “‘S” and ““V". 


Note: 
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oatings 


PANEL FOULING RATING! AFTER THE}JEXPOSURE PERIOD 
INDICATED (Months) 


Aransas Pass, Texas 


Harbor Island, N. C. 


4 9 § 2 


9+ 
10 10 9+ 9 
2 
10 10 9 
9+ 
9 10 


Parts were immersed in sea water in May of 1953. All panels were exposed in duplicate. Generally good agreement was realized between similar pane 
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steel panels. After eleven months exposure at both 
\ransas Pass and Kure Beach, encouraging results 
were obtained in some cases and not in others, as in- 
dicated in Table 4. 

In reviewing the large number of anti-fouling 
formulations along with the test data, the only ex- 
planation for the conflicting results appeared to be 
on the basis of variable leaching rates. 

The use of additives compatible with the coal tar 
base which would reduce the inherent impermeability 
f this type of coating was indicated. Rosin is one of 
several resins known to be compatible with and less 
impermeable than coal tar pitches. Its incorporation 
in some of these experimental formulations had al- 
ready given some promising results, and a further 
study of its characteristics seemed warranted. 

To submit these ideas to practice, two new groups 
{ panels were arranged for test. The surface of all 
panels was prepared by sandblasting. After degreas- 
ing with xylol, the first barrier coat was applied as 
soon as the panel was dry. Two types of barrier 
coats were under study, a hot applied plasticized coal 
tar enamel and a thixotropic heavy duty Class 3 cold 
applied coal tar coating. In the latter case two coats 
were usually applied, unless otherwise noted. Two 
coats of the experimental anti-fouling composition 
were applied to each panel unless otherwise indi- 
cated, with a coverage of about 200 sq ft/gal. The 
customary coal tar solvent naphtha was replaced in 
some instances by xylol or alcohol to produce quicker 
drying barrier coats and anti-fouling top coats. One 
group of these panels was immersed in sea water at 
Harbor Island in March 1949, while the second group, 
which was made up of panels carrying similar coat- 
ings, Was immersed at the same location in June 1949. 
\ll panels were exposed in duplicate. A description 
of these protective systems, the anti-fouling formula- 
tions and the results observed at periodic inspections 
during the five-year test period are given in Table 5. 


Analyses of these results show that: 
(a) ive systems failed right from the start. 


(b) Five systems remained anti-fouling for 
a two-year period. 


(c) Nearly half the panels were in good to 
excellent condition after three years im- 
mersion. (Of these, ten were still in good 
condition a year later.) 


(d) Five systems remained relatively free of 
fouling and provided excellent protec- 
tion to the base steel for a period of 
from 4.5 to 5.2 years. 


Of those systems included under (a), one was 
based ona Class 5 coating, which incorporated a very 
thin fluid cutback as a vehicle. Another did not con- 
tain rosin, so that the dry film was less permeable. 
The third had only one barrier coat of the fluid, Type 
3 coating. The fourth, which contained 8 percent of 
an organic mercurial compound, inexplicably was 
greatly inferior to another coating identical in every 
Way except that it contained only 2 percent of the 
mercurial additive. The fifth coating was low in 
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toxic, and early failure had been expected, but not 
so soon as it actually occurred. 

The two coating systems under (b), which were 
low in toxic, behaved as anticipated—namely, good 
performance for a period of months, and then rapid 
failure by fouling after the toxic presumably had 
been expended. 

Especially noticeable and gratifying was the good 
agreement between duplicate panels over this long 
test period. 

While the results of this investigation indicated 
that any pitch blended with rosin could be made suf- 
ficiently permeable to produce the necessary toxic 
leaching rates, it was concluded that plasticized coal 
tar pitch produced the most consistent results. This 
work indicated that the optimum composition of the 
anti-fouling coating vehicle should be 45 percent 
pitch, 30 percent rosin and 25 percent xylol by 
weight. For long lasting anti-fouling properties, the 
toxic should be approximately 6 pounds of copper 
powder per gallon or 14 pounds of cuprous oxide per 
gallon of vehicie. These amounts correspond to 58 
percent and 76 percent of the two toxics, respectively, 
in the dry film. The cuprous oxide formulation is 
recommended where it is desired to coat metallic sur- 
faces, while the copper powder is preferred for coat- 
ing non-metallic surfaces. The anti-fouling coating 
should be applied either in two coats at about 200 
sq ft/gallon or in one heavier coat of about 150 
sq ft/gallon. Thinning with xylol is permissible at 
the time of application if necessary. Coal tar solvent 
naphtha may be substituted for the xylol, if slow dry- 
ing is not a major consideration. 

The barrier coat under the anti-fouling coating 
may be two coats of Class 5 coating (least preferred, 
but quicker drying), or two coats of Class 3 coating 
(heavy duty. thick, but slower drying), or wherever 
possible, a 100 mil thick coat of hot applied plasti- 
cized coal tar enamel, which requires no drying time. 
The surface condition of a panel prepared in this 
way after exposure to sea water for 51% years is il- 


lustrated in Figure 6. 


Tar Base Anti-Fouling Compositions—Applications 
to Woods and Metals 


As an extension of the anti-fouling coating investi- 
gation, bare and creosoted pine, steel and galvanized 
steel panels were coated with an anti-fouling coating 
containing fine powdered copper, based on the pre- 
ceding recommendations. These were mounted on a 
Monel sea water immersion test rack as shown in 
Figure 7. The appearance and fouling ratings for 
these panels over a two-year test period, with the 
coating schedule, are given in Table 6. Photographs 
of the individual panels after one and two-year im- 
mersion periods are shown in Figures 8 and 9. Among 
the fouling organisms identified at this time were 
barnacles, oysters, serpula, filamentous and encrust- 
ing bryozoa, tunicates, sponge, annelid, coral and 
mussels. 

The remarks contained in Table 7 give information 
pertaining to four types of coated material. These 
remarks can be used in conjunction with Table 6. 
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TABLE titan ere of Barrier and Anti-Fouling ee Formulations on Anti-Fouling Performance 











COMPOSITION OF EXPERIMENTAL COATINGS 


| 
titania eestalas tactics Getic | 
Anti- -Fouling Coatings | 


PANEL FOULING RATING® AFTER EXPOSURE PERIOD 






































| | Percent INDICATED a 
Panel | | Toxic, |- -| a : Panel | 
No. Barrier Coat Vehicle Toxic | Dry 7.3 | 14. 3 | 19.4 | 21.3 | 25.8 | 32.4 | 38. 38.0 ‘| 43.8 43.8 | “51.0 | 54.5 63.0 No. 
641A | 2 coats Class 3 | Plasticized Enamel Primer | Cu #7" 58 110 |}10 | — 9+| 9 Z << 3 3 ater aeaA | % 
B | jm 1m i—|s |e 1 z i —| 3a] 3 636 
642A | 2 coats Class 3 Rosin, Class 5 coating Cu“#7 58 BEES EE Se Sees TT 7 i 
So Oe Ae ae es - _ seb iene, oe ne ee Bh eed eee 687A 
643A | 2 coats Class 3 Rosin, -Plasticized Enamel. Cu“ #7 68 |10 | 9 | — 5 a ee — 0 0 ; 
Primer | RO) ais hs 5 BP. 0 0 eae 
rer ac eFE ha ae nie Sper erent - ae a ee Peet, oa = : ee cerry ane ~ 88A 
644A | 2 coats Class 3 Plasticized Coal Tar Pitch | Cu “V Bf OD. ) Of =] 0 0 —| 7 4 "7 B 
B —xylol 0o;};oj;— °F — - | 7 4 
645A | 2 coast Class 3 Rosin, Plasticized Coal Tar | Cu “V” 58 | 10 | 10 | — 10° | 20 8 — 6 2 “ = 
B | Pitch—xylol 1/10 |}10 | — 9+| 10 s 6 1 iT& 
- ~ ——_—__—— - ——_—___—__— ee a ee —|———_ - os 2FD 
646A 2 coats iam 3 | HW G3 Pitch Bosint xylol Cu “V 58 9+| 9 9 ood lost 3HW 
B | 10 BH 8 8 1 2 1 oF 0 4LW 
| -—__—____—— — a |] | |_—_— |_| |_| |__| = 5K" 
647A | 2 coats Class 3 Plasticized- Enamel Primer Cu “Vv 58 1B ots — 2 Co het F 0 0 identified 
I Fg | Pee a : cease 94 >= 2) 4 ee 1 ae tae ; 
648A | 1 coat Wash Primer, Vinyl Cuz0 81 |} 9+) 9 4 8 - | — OO ip = 
B | 1 coat t Vinyl | 9 9 - 3 8 — | 0 | lost | 
649A 2 2 coats non- bituminous HW G Pitch Rosin, xylol cree 58 | 10 | 10 10 10 s | I te 4 lost TA 
B | 3d)! 10 | 10 tO 20" Sey lost 
———_|________—_ ——- $$$. —— | ——~ | _____!____|- —_—|—— —— aa =—— 
650A | 2 coats non- bituminous HWG Pitch Rosin: xy lol Cu“ 58 10 10 10 10 | 9 — 9+! 9+ 
B | II)! 10 | 10 10 10 9 - 9-+-| O+ 
651A | 2 coats Class 3 Coal Tar Pitch, Rosin-xylol Cu “\V 58 10 | 10 — 9 9 8 8 7 
B 10 9+] — 9 9 8 8 7 
652A | 2 coats Class 3 LWG‘4 Pitch, Rosin- xy ylol cers 8 | 10 9+ 9 9 8 3 3 6 lost om Panel 
B ;/ 10 | 10 9 9 8 3 3 6 lost o. 
653A | 2 coats Class 5 LWG Pitch, Rosin-xylol ca 9+} 5 7 - 1 
B 9 | - 5 
654A | 1 coat Class 5 LWG Pitch (1 coat), Cu “V 58 9+) 8 Ve & — 
B Rosin-xylol 7 6 0 0 - 
655A 1 coat Class 5 LWG Pitc h ( 1 coat), ea: a’ 58 0 0 0 0 
B Rosin-xylol 0 0 0 0 3 
656A | 2 coats Class 3 LWG Pitch (1 coat), : Ss 10 10 10 10 9 < + 4 
| Rosin-xylol 10 10 - | 10 10 9 7 4 4 
657A | 2 coats Class 3 LWG Pitch (1 coats), {Cu ye ek 58 0 0 0 0 | ‘ 
Rosin-xylol 8% “kK 0 Oo 0 0 
658A | 2 coats Class 3 LWG Pitch (1 coat), Cu “* #6 58 10 9+) 8 7 a 
B Rosin-xylol | 9 8+ 6 7 9 
{ 659A | 2 coats Class 3 Coal Tar Pitch, Rosin- / Cu20 76 6 6 1 3 1 1 1 2 l 
B xylol 5 5 3 3 1 1 1 1 2 ean 
— ~ _ es — a a = — ) 
660A | 2 coats Class 3 HWG Pitch, Rosin-xylol Cu2z0 76 | & 5 1 1 1 1 1 2 1 
B 110 |10 | 9+4| (eee: Lees 0 y 
6612 ¥ 2 coats Class 3 L WG Pitc h, Rosin- xy ‘lol Cu2z0 76 10 10 10 10 8 8 8 9 8 7 
B 10 | 10 | 10 10 8 8 8 9 9 K 
662A | 2 coats Class 3 (FD)? Pl: asticized Cc oal Tar 1} Pitch Cu2z0 76 10 10 2 — 6 1 1 0 1 1 S$ 
B (FD) 9.) Oe! 2S fle ts | 1 0 1 i 
663: A | 2 coats C “lass 3 | Plasticized Coal Tar Pitch | Cuz0 76 10 | 10 9+ 9 7 8 8 8 7 9 
B | (FD) 10 9+) 10 9 7 8 | 8 8 5 
664A | 2 coats Class 3 (FD | LWG Pitch Rosin-xylol Cu20 76 10 9+} 9+} 8 7 8 7 5 — 2 0 
B | 10 98898 8 7 8 s 5 3 1 
678: 4 | 1 coat ‘Plasticized Enamel | Plasticized Enamel Primer | Cu “V” 08 10 10 | 8+| 8 3 1 1 5 | - 5 |(See footnote 
B | over 1 coat Plasticized | 9+| 9+; 8+!) 8 3 1 1 5 — 5 | (See footnote ad 
Enamel Primer | Pa 
679A | 1 coat Plasticized Enamel Plasticized Coal Tar Pitch | Cu “V" 58 10 | 10 9 9 5 7 5 7 - 7 | (See footnote) 
B | _ over 1 coat Plasticized | (FD) 10 10 9 8 5 7 3 6 ~ 6 | (See footnote 19 
| Enamel Primer | | - 
680A | 1 coat Plasticized Enamel | Plasticized Coal Tar Pitch, Cu20 76 9+| 9 9+| 9 8 8 8 9 = 9 | (See footnote 
B over 1 coat Plasticized | Rosin-xylol 10 9+) 10 9 8 8 7 8 — 8 | (See tootnote) 19 
| Enamel Primer | | | iF 
681A 1 coat Plasticized Enamel | “HWG Pitch, Rosin- xylol Cu20 76 9+) 9 | 7+! 8 7 7 6 iC 7 (See footnote 
B | over 1 coat Plasticized 10 9+| 8 8 c 7 6 6 - 6 | (See footnote 14 
| Enamel Primer | 
682A | 1 coat Plasticized Enamel ‘Plasticized Coal Tar Pitch Cu2z0 45 0 0 0 0 0 0 0 0 0 (See footnote 
B over 1 coat Plasticized (FD 0 0 oe. i 2B 0 0 0 0 0 See footnote) = 
Enamel Primer | - 
683A | 1 coat Plastic ized Enamel | Plasticized Enamel Primer Cuz0 76 10 9+) 9+] 9 7 8 6 8 8 See footnote 
| over 1 coat Plasticized 10 9 8 9 7 8 6 7 - 7 See footnote) 
| Enamel Primer | ena 
684A | 1 coat Plasticized Enamel Plasticized Enamel Primer Cuts” 58 10 10 9 9 3 2 0 0 - 0 (See footnote 
over 1 coat Plasticized 10 10 7 9 2 2 0 0 0 
Enamel Primer ioc TI 
658A | 1 coat Pl. nsticived Bnamel “HWG Pitch, Rosin-xytol Cu20 76 10 10 9+ 5 7 7 7 ‘é See footnote a, ; 
B over 1 coat Plasticized 10 VF) Sr 5 7 ( ( ‘ pain 
Enamel Primer gs sote 
SSS —— —————————————————————S=—= —————— —————— nee ee i tan ———s = a sami: 
ing. 
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(Table 5 Continued on Page 27) 
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ance TABLE Gn (lennen) 



































=== — ea, oe ™ a = | a ie i == os Te eee 
Cc OMPOSIT ION OF EXPERIMENT! AL COATINGS 
Anti- Fouling Cc oatings 
~——— or —— PANEL FOULING RATING® AFTER EXPOSURE PERIOD 
| | Percent INDICATED {| (Months) 
ek Panel | Toxic, |— — —- ee 
0 No. Barrier Coat Vehicle Toxic | Dry 7. 3. 14.3 | 19. 4 21. 3 25. 8 32.4 38. 0 | 43.8 | 51.0 | 54.5 | 63.0 
a ss a ec —_ CFO dz caine eclipse ienlapensa ta acelbace abiscseieatala tad 
686A | 1 coat Plasticized Enamel | Plasticized Coal Tar Pitch Cu20 45 716 0 0 a) 0 0oj;j—j] 0 See footnote 
3 over 1 coat Plasticized (FD) | 8 6 i 6 — 0 0 0 0 — 0 | 
Nica Enz amel Primer | | 
687A 1 coat P lastici ized E namel HWG Pitch, Rosin-xylol Cu20 76 9+; 9+) 8 5 6 6 7 - 7 See footnote 
> over 1 coat Plasticized 8+) 8 8 — } 6 § 6 — 6 
E namel Primer 
— 688A | 1 coat Plasticized Enz smelt | ‘Plasticize d Coal Tar ‘Pitch Cu20 45 5 3 1 — 0 0 0 0 - oO | See f footnote) 
B over 1 coat Plasticized (FD) 8 4 1 — 1 0 0 0 -- 0 
Enamel Primer | 
1] & I{—Proprietary oil base barrier paint. 6 —Fouling Gatien 10 = = free of Sustion, 
— 2FD—Fast Drying. 0 = completely fouled. 
3 HWG—Heavy Water Gas. 
4LWG—Light Water Gas. Note: Panels 678 through 688 were placed in test on 6/1/49. Therefore, two 
— 5“K"’—Organic mercurial toxic additive. Different sources of copper are months should be subtracted from the exposure periods indicated. 


identified as #6”, #7", “V" and “S”. 


TABLE ; ey aoe of Tar Base Connge aay Exposure to Sea Water at Harbor Island 





| FOULING RATING AND APPEAR’ ue. Di ATED PANELS AFTER EXPOSURE PERIOD 
| NDICATED 








| 5 5 Months 12 Months 24 Months 
ii Panel Fouling Fouling Fouling 
No. Panel Coating Rating Appearance Rating Appearance Rating Appearance 
1 Steel Top: Bare 3 Heavy rust O*F* Completely rusted. 
| Bottom: 1 coat Class 3 0 5% rusted, penetrated by bar O** | 10% rusted; penetrated by bar- 
= nac cle s. nacles. 
2 Steel Top: 1 coat Anti-Fouling (AF 9+ Rus t; coating loose. O** ‘He avy rust; ‘perforated. 
ee | Bottom: 1 coat Class 3, 1 9+ A tew rust spots along the 8** Good condition. 
| coat AF edges. 
~ 3 Steel Top: ." coat AF 9+ Rust; coating loose. ~ Corroded away. 
Bottom: 1 coat Class 3, 1 9+ A few rust spots along the Q** Good condition. 
coat AF edges. 
4 Galvanized | Top: Bare 6+ Free of rust; good condition. 1** | Free of rust; good condition. 
Steel Bottom: 1 coat Class 3 0 Coating adherent; no rust; O*r* Free of rust; penetrated by 
_ | penetrated by barnacles. barnac les. 
5 Galvanized Top: 1 coat t AF 6* Blisters; 10% rus sted. O** 10% rust. 
_ Steel Bottom: 1 coat Class 3, 1 9+* | Coating loose; no rust. g** Coating loose; no rust. 
coat AF 
6 Galvanized | Top: 1 coat AF 6* Blisters; 40% rusted. O** 100% rust. 
Steel | Bottom: 1 coat Class 3, 1 9+ * | Coating loose; no rust. g** Coating loose; no rust. 
| coat AF 
7 Untreated | Top: "Bare | — c ompletely destroyed by - 
Pine Bottom: 1 coat Cc lass 3 shipworms. -- 
8 U ntreated Top: Bare Completely destroyed by - 
Pine | Bottom: 1 coat C lass 3 3 shipworms. 
9 Untreated | Top: 1 coat AF 10 Coating remove ok easily. 10** Excellent. 
Pine Bottom: 1 coat Class 3, 1 8 Coating removed easily. Coating gone; limnoria 
coat AF attack 
10 U ntreated Top: 1 coat AF 10 Coating removed easily. 10** Excellent. 

Pine | Bottom: 1 coat Class 3, 1 10 Coating removed easily. - Ccating gone; limnoria 
te | coat AF attack. 
rte < Bs | ee . ° ost 7 ee — a * ° : . rs 

11 Creosoted Top: Bare 4 No limnoria or shipworm 1 ** No limnoria or shipworm 
— Pine attac k, attack. 
ote Bottom: 1 coat C Class 3 9+ Surface “gummy”. O** Coating intact; poor adhesion. 
ote | —- — = — - 
12 Creosoted | Top: Ba ire 4 No limanori or + shipworm 1 ¥** No limnoria or shipworm 

— Pine attack. attack. 

ote Bottom: 1 coat Class 3 9+ Surface ‘‘gummy”. O** € oating intact; poor adhesion. 

ote) ee 2a ore cagsiaetenchinah . aces = - ee 
13 Creosoted Top: 1 coat “AF 10 Soft, good adhesion. 10 Excellent. 9 Excellent. 

— Pine Bottom: | coat Class 3, 1 10 Soft, good adhesion. 7+ Excellent. 0 Penetrated by 
te coat AF barnacles. 
te - Se ees a a oe a ae pra ee Te ae ———|— ih SE con ; |—_—— a 

14 Creosoted Top: 1 coat AF 10 Soft, good adhesion. 10 Excellent. 9 Excellent. 

— Pine | Bottom: 1 coat Class 3, 1 10 Soft, good condition. 7+ Excellent. 0 Penetrated by 
te } coat AF barnacles. 
te _ - s = 
—-- * Losing zinc; copper chasing out. 
te ** Panels were removed after this inspection. A y = 
te Note:—The top and bottom halves on both sides of each panel were treated differently as indicated under Column 3. Panels were exposed May 28, 1953. 

Panel size was 6” x 12”. 
te 
= The prevalence of fouling over a good anti-fouling would cause the copper to leach at a fast rate, thereby 
paint when a coal tar barrier coat is used on creo- shortening its life. Upon further examination it was 
‘a soted wood panels, and the absence of fouling on the found that there seemed to be no surface copper pres- 
Same paint when the barrier is omitted, was perplex- ent where the barrier coat had been used, whereas 
ing. It did not seem reasonable that a Class 3 coating copper was readily discernible in the second case. 
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Further investigation showed that, upon scratching 
the film, there was still an ample supply of copper 
present underneath the tarry top tlm in the case 
where the barrier film had been used. This suggests 
that the barrier coating may have been softened by 
the exudation of creosote oil from the wood and then 
flushed up through the anti-fouling top coat. This 
might seal off the copper particles from contact with 
the sea water, cut down the toxic efficiency and per- 
mit fouling to occur. 


Summary 

Barrier type, aggregate reinforced hot enamel mas- 
tic coatings can provide adequate resistance to bar- 
nacle penetration over extended time periods. A work- 
able coating would consist of a 1% enamel-24 sand 
mix (by weight) where the sand would be a typical 
blasting sand (angular silica sand) classified by a 
12-20 mesh. 

Prolonged anti-fouling protection can be furnished 
by coal tar coatings modified to be less impermeable 
to water and thus provide the required leachability 
of toxics necessary for continued good performance. 
A workable composition would consist of 45 percent 
pitch, 30 percent rosin and 25 percent xylol by weight 
with 6 pounds of copper powder per gallon or 14 
pounds of cuprous oxide per gallon of vehicle, with 
the type of copper depending on the type of surface 
to be coated. 
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TABLE 7-——Effectiveness of Anti- 


Fouling Coatings on Four Material; 


~Coated 
Material 


— == ==. 
—=—= 


Remarks 


Metal An anti-fouling coating containing copper used directly on the 

Steel surface will foul and also promote accelerated corrosion of the 
steel. Therefore, such an anti-fouling coating should be used 
in conjunction with a barrier coating. ‘ 


er ee eT ere oh. i 

Galvanized An anti-fouling coating with or without a barrier coating will 
Steel not give satisfactory service. (See Table 6.) 

Wood | Complete lack of adhesion would militate against its use, 
Pine 


Creosoted | An anti-fouling coating should be used directly over the wood 
ine and without a barrier coat. (The barrier coat appears to 
interfere with the action of toxic release as discussed below.) 


3each-Harbor Island Testing Station, where much 
of the work was undertaken. The many contributions 
by these people are acknowledged with appreciation, 
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Failure of Steel-Admiralty Duplex Condenser Tubes 






By Hydrogen Penetration” 











By H. E. HONKALA and E. A. WRIGHT 








Introduction 
HE PHENOMENON of hydrogen penetration 
of steel has been widely investigated for the past 
few years. The present discussion is concerned only 

















with the diffusion of hydrogen through steel-admiralty i; 6. WOMMARA~Tadsiek smetee. a 
duplex condenser tubes in a service where the steel is Wolverine Tube Division’s Decatur, Alabama 
exposed either to water containing hydrogen sulfide plant for the past five years, he has been em- 

I PN SS PRE ae ployed by the division for 10 years. A graduate 
or to moist hydrogen s de gas. Rapid and extens of Michigan College of Mining and Technology 
damage to duplex tubes, with the resultant shutdown with a BS in chemical engineering, he worked 





several years for Ford Motor Company and for 
five years was in the Industrial Facilities Sec- 
tion of Army Ordnance. He is a member of 


Three propane condensers at the Atlantic Refining 
Company, Port Arthur, Texas plant were initially Sena eae 
tubed with an inhibited admiralty alloy tube. The 
shell side of these tubes was exposed to the process 
stream of propane while cooling water was circulated 
through the inside. These tubes failed from the shell 
side after two years. The condensers were then re- 
tubed with 4-6 percent chromium steel tubes. These 






of condensers, has resulted from this type of attack. 













E. A. WRIGHT—Metallurgist for Wolverine 
Tube Division of Calumet & Hecla, Inc., De- 





















tubes also failed after two years of service ; however, ereit, he has been enganed in devalaping tebe 
in this case the failure progressed from the tube side fabrication techniques for new alloys and in 
which was in contact with cooling water. The exact determining causes of tubing failures in serv- 

; ; ate ; ; ice. He has a BS in mechanical engineering 
types of corrosion that caused failures in these first from Alabama Polytechnic Institute. He pres- 
two sets of tubes were not reported during this in- ently is active in ASME. 
vestigation. Likewise, the steps that were taken by 
the Atlantic Refining Company in correcting this 

Hy me — _ Abstract 

condition have not been reported. Bs piel ; . , 

. P ‘ : . ; [he cause of rapid failure of steel-admiralty duplex 

In view of the operating experience of admiralty condenser tubes in propane condensers was found to 





be due to the diffusion of atomic hydrogen through 
the steel tubes. These tubes were exposed to a con- 





tubes failing from the shell side and steel tubes fail- 








ing from the tube side, 1010 steel-admiralty duplex siderable quantity of hydrogen sulfide gas and suffi- 
tubes were selected to retube these units. These tubes cient pressure was built up between the outer tube 
. »° . . e . ? . ~ > > ? > ~ erie > - cA 

were 1.000 inch OD x .118 inch composite wall with a and the liner to cause the liners to cotlapse. These 
hk ‘ aa F failures occurred within four weeks after the units 
/2 inch long admiralty ferrule attached to each end. were put into service. Tests were conducted to dupli- 
[he steel outer tube had an 0.083 inch wall and the cate these failures in the laboratory. Tests also were 
admiraltv liner had an 0.035 inch wall made to study the pressure build-up rate of a “vol- 
* er et mars umeless” cell in various corrosive atmospheres. 3.5.6 







Design and Assembly Details 











Tube bundles were assembled by first rolling the ‘ , mace ae A 
: - , be ’ C, = 40.3 percent hydrocarbons with 3 carbon 
steel portion of the tube into 33¢@ inch thick, Monel- atoms/molecule 
clad, steel tube sheets. These joints were checked to C:Iso = 33.9 percent le 
° ; - “s = 0.9 percent hydrocarbons with 4 carbon 
ensure a leak-free assembly at the tube sheets before Re CR ree ee ee 
' : z - ; atoms/molecule 
the admiralty ferrules were rolled 1n. H.S = 0.52 percent (9.1 Ibs/hr) 
rr a 7 ae - Te ars -e —_— ? + 
The design and operating conditions of these con- Temperature In = 126 F 
Temperature Out = 105 F 
densers were as follows: Pressure Design = 350 psig 
Pressure Operating = 326 psig 





Heat Transter Capacity = 1,675,000 BTU/hr 





Shell side: 
14,100 Ibs/hr propane vapors (C;Hs) 
1,750 lbs/hr noncondensable gases 
C: = 5.7 percent hydrocarbons with 1 carbon 
atom/molecule 
C; = 19.2 percent hydrocarbons with 2 carbon 
atoms/molecule 





Tube side—cooling water: 
Quantity—to maintain outlet temperature 
Quality—cooling tower—treated 
Pressure (inlet) = 30 psi 
Temperature (inlet) = 96 F 
Temperature (outlet) = 101 F 

















* Submitted for publication January 18, 1957. A paper presented at These condensers with the duplex tubes were 


the Thirteenth Annual Conference, National Associati : So D- i . ng < f ¢ 
sion Engineers, St. Louis, arinaniet Mar h 11-15, 1957. et es placed im service and performed at or above rated 
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Figure 1—Cross section of duplex tube after 
failure showing Admiralty liner collapsed from 
steel tube. 
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Figure 2—Cut-away of duplex tube showing mechanism of attack. 


capacity during the initial performance checks. How- 
ever, during the third week of service, the condensing 
capacity of these units decreased rapidly and after 
three and one-half weeks they were pulled off stream 
and dismantled. A visual examination of the tubes 
showed that approximately 85 percent of the ad- 
miralty liners had collapsed away from the steel 
tubes. This condition had not only seriously re- 
stricted the flow of cooling water through the tubes 
but it also had caused a high thermal resistance to 
heat transfer through the gap produced between the 
steel outer tube and admiralty liner (see Figure 1). 


Calculation of Collapsing Pressure 
The calculation of external collapsing pressure of 
a tube is not a simple matter nor is there complete 
agreement as to how the calculations should be made. 
The method outlined in the 1949 Edition of the Un- 
fired Pressure Vessel Code, for Nonferrous Tubes 
and Pipe is as follows: 


1.57E (t/D)* 


P - 


where: 


1-y 
P = collapsing pressure, psi fl 
E = modulus of elasticity, psi = 16 X 10° for admiralty: 
u = Poisson’s ratio = 0.33 
t = wall thickness of tube = 0.035 inch 
I) = outside diameter of tube = 0.834 inch 

On the basis of this equation, the theoretical col- 
lapsing pressure of the admiralty liner would be in 
excess of 2,000 psi. 

The thermodynamic properties of water and pro- 
pane are such that a pressure of this magnitude 
could not result at or near the operating conditions of 
these units. 
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Figure 3—Duplex tube test specimen. 


The Diffusion of Atomic Hydrogen 
Through Steel Tube 

The presence of a large quantity of hydrogen 
sulfide in the noncondensable gases which were in 
contact with the steel tubes was recognized as the 
probable cause of failure. Therefore, a series of tests 
were conducted to study this attack as a_ possible 
cause of the failure of these duplex tubes. These tests 
showed conclusively that the hydrogen diffusion 
through actual samples of duplex tubes and “volume- 
less” test cells would result in a rapid pressure build- 
up and cause the collapse of the admiralty liners. 

A description of the process involved in this type 
of failure was given by Skei, Wachter, Bonner and 
Burnham.' The simplified schematic diagram shown 
in Figure 2 illustrates this attack. The moist hydro- 
gen sulfide gas (H.S) in the propane stream attacks 
the outside of the 1010 steel outer tube. This attack 
will proceed in the presence of either water contain- 
ing hydrogen sulfide or moist hydrogen sulfide gas. 

The corrosive attack of the hydrogen sulfide on 
the steel yields ferrous sulfide (FeS) and atomic hy- 
drogen. There is good reason to suspect that ionic 
hydrogen is formed and is more rapidly diffused 
through the walls of the steel tubes. This atomic 
hydrogen would normally recombine to form molec- 
ular hydrogen. However, the FeS acts as an inhibitor 
to this recombination and a substantial portion of 
the atomic hydrogen passes through the wall of the 
steel tube. This is shown by the equation 2Fe + 
H.S = FeS + Fe** + 2H°. This gas continues to 
penetrate until a discontinuity is encountered. 

In the case of the duplex tube, there is a tight 
mechanical bond between the 1010 steel tube and 
admiralty liner which is a discontinuity and acts as 
a point where the atomic hydrogen can recombine to 
form molecular hydrogen. The bond area of the tubes 
was sealed on both ends during the rolling-in opera 
tion. Therefore, the molecular hydrogen that accumw- 
lates between these tubes results in a pressure build- 
up which either collapses the admiralty liner or causes 
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Figure 4—"’Volumeless” test cell. 


aleak at the rolled-in sections of the tubes. The diffu- 
sion rate of molecular hydrogen through either the 
steel or admiralty is much too low to prevent this 
pressure build-up. 





Testing Procedure 

Two types of test specimens were constructed. 
Samples of the duplex tubes were rolled into 34 inch 
thick tube sheets. These 15-inch long specimens were 
used to duplicate the actual collapse of the admiralty 
liners (Figure 3). A number of the “volumeless” test 
cell type specimens described by Marsh? were fitted 
with 2,000 psi gauges. These 12-inch long specimens 
were used to study pressure build-up rates (see 
Figure 4). 

The ‘“‘volumeless” test cells were constructed by 
press fitting an 11-inch long brass rod inside a 12-inch 
long sample of the steel outer tube. Steel plugs % 
inch long were welded into the ends of the test cell. 
One plug was prethreaded to hold the 2000 psi pres- 
sure gauge. This assembly was practically volumeless 
as were the duplex tubes. It would be expected that, 
with all other conditions being equal, the pressure 
build-up rate would vary inversely with the included 
volume of the test cell and the pressure gauge. 

As testing progressed, it became obvious this was 
true because the pressure build-up rate could be 
controlled by changing the volume in the test cell. 
Very careful fitting of parts and selecting gauges with 
low volume bourdon tubes were essential in order 
to achieve rapid pressure build-up rates. 


The hydrogen sulfide gas was generated by regu- 
lating a flow of 1:2 hydrochloric acid (HCl) droplets 
onto ferrous sulfide sticks as shown in Figure 5. The 
H.S gas passed through a rubber hose to the bottom 
of a 2000 ml graduated cylinder which was used to 
contain the various corrosive atmospheres that were 
used in this experiment. 
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Figure 6—Pressure build up curves for 1010 steel volumeless cell in 
various corrosive environments. 


Results 
Rapid pressure build-up rates were achieved by 
exposing the “volumeless” test cells to various atmos- 
pheres containing hydrogen sulfide. The fastest 
build-up was recorded when the cell was exposed to 
a 2.5 percent hydrochloric, 1 percent sulfuric acid 
mixture in distilled water which was continously 
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saturated with hydrogen sulfide gas. These condi- 
tions gave a pressure build-up rate of 85.6 psi/hour 
but caused rather severe corrosion of the steel tube. 
A leak developed in the weld at the bottom end plug 
after 18 hours of exposure. This test was discon- 
tinued. 

Slower rates of pressure build-up were recorded 
when the test cells were exposed to distilled water 
continuously saturated with sulfide. A 
moist hydrogen sulfide gas atmosphere gave pressure 
build-up rates comparable to water saturated with 
this gas. The results of these tests are shown in 
Figure 6. 


hydrogen 


Some of the 15-inch long samples of duplex tubes 
were exposed to distilled water continuously sat- 
urated with hydrogen sulfide while the other samples 
were exposed to moist hydrogen sulfide gas at room 
temperature. The admiralty liner on all of these 
specimens collapsed within an exposure period of 5 
to 15 days. These tube failures were identical to 
those in the propane condensers. 

The work during these tests was not directed 
toward the prevention of these failures but instead 
was intended to establish the cause of failure. The 
tests proved beyond doubt that the hydrogen sulfide 
attack on the steel tube and the resulting atomic 
hydrogen penetration to the interface between the 
tubes was the cause of these failures. Much more 
work will be required to study means of controlling 
this type of attack. 

Some small blisters were noted on the surface of 
the specimens after exposure. These blisters were 


not investigated because they were obviously caused 
by small discontinuities in the steel. This process has 
been described by Bell,* Nelson and Effinger,* and 
King.’ The discontinuity serves as a small volume 
for molecular hydrogen to form. 


Prevention of Hydrogen Damage 
A considerable amount of work has been done 
recently toward preventing or reducing hydrogen 
damage in refinery equipment. Steps which can be 
taken may be summarized as follows: 

1. Change in environment to make it less 
corrosive to materials being used. In gen- 
eral, this can be done in ways suggested 
by B. W. Neumaier and C. M. Schillmoller :° 

(a) Remove hydrogen sulfide 
(b) Dry the process stream 


(c) Neutralize the stream to a pH of 7.5 


(d) Reduce the organic-acid concentra- 
tration 


(e) Convert the cyanide promoter to 
harmless thiocyanate. 


. The use of air injection for prevention of 
hydrogen penetration of steel has been de- 
scribed by W. A. Bonner and H. D. Burn- 
ham.’ 


. Use of materials that are resistant to proc- 
ess stream. In general, these materials are 
stainless steels, Monel, etc. 


. Use of a barrier on the surface of exposed 

materials. This may be in the form of 
calorizing (aluminum dipping), films 
formed by chemical inhibitors, or other 
applied films. 


Many of these preventive methods have been de- 
scribed by King.® 

The essential point today in preventing hydrogen 
damage is that the problem be fully recognized and 
proper steps taken to reduce or eliminate the prob- 
lem. Through the work of engineers such as those 
given in these references, continued progress can be 
expected in combating this problem. 
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Introduction 
N A RECENT article! the authors included a 
nomograph for determining conveniently the 

“comparable cost” for paints or coating materials. 

With the price based on volume measure, the “com- 

parable cost” is based on the solids concentration 

per gallon. The nomograph was prepared from the 
following equation : 


where: 
N = comparable cost, $/mil square foot 
W = paint cost, $/gallon 
V = solids by volume, percent 
1604 = number of mil square foot in a gallon = 
( 2311000 ) 
144 


Solids Concentration 

The solids concentration, or solids volume, is not 
always readily available. In order to solve the equa- 
tion, mathematically or nomographically, this con- 
centration by volume must be known. Since paints 
are usually prepared by weight rather than by vol- 
ume, tables containing bulking values? of all the 
components of the paint must be obtained. Often this 
is ttme consuming and sometimes distasteful to the 
formulator. 

By means of a second equation’ a relatively simple 
expression for calculating the volume of solids is 
available. This equation is: 


V=100— a (100-B) 

V = solids by volume, percent 

B = solids by weight, percent 

\ = weight of the paint, lbs/gallon 

C= density of volatile component, lbs/gallon 


This expression shows that the solids by volume 
or weight are dependent upon the weight of the pre- 
pared paint and the density of the volatile component. 
The percent solids by weight and the paint density 
(weight per gallon) are readily available and in some 
instances published on the label. However, the aver- 
age density of the volatile component will probably 
be made available only by a special request for essen- 
tial data.* 


Comparable Cost 
With the solids expressed by volume, the ‘“‘compar- 
able cost” may again be calculated by means of Equa- 
tion (1). From these two equations, the present 
nomograph was prepared. From the example given, 
the conversion from weight to volume solids is fol- 


——_. 
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Abstract 


A formula is given which can be used to calculate 
the percent solids by volume in paints when the 
percent solids by weight, weight of paint, and density 
of volatile component are known. The value obtained 
then can be inserted into a second formula to deter- 
mine the comparable cost for paints in dollars per mil 
square foot. A nomograph is included which can be 
used to determine both the percent solids by volume 
and the comparable cost for paints. A sample problem 
is worked out on the nomograph. 5.4.5 


lowed by a “comparable cost” determination. All 
consumers are interested in a “comparable cost” for 
paints. The uncertainty of the price per gallon is 
removed when placed on a mil square foot basis. 
A few cautions should be observed: 
1. Extreme care must be observed in select- 
ing points on the A (paint weight) and C 


(volatile density) scales. Small variations 
have a magnified effect on the final result. 


i) 


. For the ultimate in accuracy, Equations 
(1) and (2) should be used to calculate 
the answer ; the nomograph should be used 
only for an approximation. Wherever pos- 
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Figure 1—Nomograph for calculating paint material costs. 


sible, the total solids by volume should be References 


obtained from the manufacturer. 1. V. B. Volkening and J. T. Wilson, Jr. Chemical Engineering, 
es a i 63, No. 8, 248 (1956). 

. “Comparable cost” is the “in the can” cost 2. Francis Scofield (Compiler). Raw Materials Index, Na- 
of the material and should be used as a tional Paint, Varnish and Lacquer Ass’n, Inc., September, 


1955. 


buying guide only after the purchaser has 
$e ; ae =igie 7 : ] +4: 3. Private Communication from R. G. Warner, Jr. dated Sep- 
satisfied himself regarding durability and tember 12. 1952. 


applicability. 4. V. B. Volkening. Corrosion, 10, No. 2, 65 (1954) Feb. 


Any discussions of this article not published above 
will appear in the December, 1957 issue. 
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Introduction 
NUMBER of papers? ? #45 ® have been pub- 
lished in recent years relating to the application 

of cathodic protection to oil well casing, but none of 

the work reported is concerned with the protection of 
casing in deep wells. Furthermore, there appears to 
be no well-established criterion for determining the 
effectiveness of the applied cathodic protection. This 
paper presents results obtained from study of the 
problems associated with the application of cathodic 
protection to three oil well casings at Kettleman 

Hills, California. 

Kettleman Hills was chosen as the site for cathodic 
protection tests because casing corrosion has been 
recognized for many years as a problem in that 
field. The McClure shale, containing salt water under 
high pressure, is the principal formation in which 
casing failures have occurred. The McClure shale 
averages 1,300 feet in thickness and varies from 
3,000 to 8,000 feet in depth. 

The three wells chosen for test were selected be- 
cause they are typical of wells completed in the field. 
Table 1 shows pertinent information about the wells. 

The objectives of the Kettleman Hills tests were 
to: 


1. Determine if cathodic protection is effec- 
tive on casing in deep wells. 


2. Establish a method of determining the 
effectiveness of cathodic protection on oil 
well casing. 


3. Determine the requirements for protection 
of individual wells at Kettleman Hills. 


Criterion of Cathodic Protection 


A fundamental criterion of cathodic protection is 
the prevention of current flow between anode and 
cathode areas. This can be accomplished by applying 
current to the corroding system in such a way that 
the potential of the cathode or non-corroding area is 
changed to the zero current potential of the anode 
area, 

Schwerdtfeger and McDorman have reported’ that 
when minimum current, as determined from null 
potential measurements, is applied to a steel coupon 
buried in the ground, its potential to soil, over a 
period of time, will drift to a value of —0.85 volt 
referred to a copper-copper sulfate half cell. They 





*& Submitted for publication December 6, 1956. A paper presented at 
the Twelfth Annual Conference, National Association of Corrosion 
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Abstract 


Results are reported of cathodic protection tests 
made on three oil well casings at Kettleman Hills, 
California. The tests showed that cathodic protec- 
tion is a practical method of controlling external 
casing corrosion at least to depths of 8,000 feet, pro- 
vided sufficient current is used. Current densities on 
the order of 1.0 to 1.5 ma per sq ft are believed neces- 
sary to provide essentially complete protection to 
wells in the area. Both surface potential and casing 
potential profile measurements were made during the 
tests. Inexpensive surface measurements of casing 
potentials referred to a remote reference electrode 
can be used to indicate with reasonable accuracy the 
degree of protection obtained with cathodic a 

2.1 


also found that complete protection was not attained 
when the potential did not reach this value. From 
this it may be concluded that the potential of steel 
in contact with soil must reach a value of at least 
—0.85 volt to copper-copper sulfate for complete 
protection. It is also reasonable to suppose that for 
complete protection the casing-to-soil potential at 
the bottom of a well must shift to this value. 
Corrosion engineers have found that surface pipe- 
lines undergo negligible corrosion when maintained 
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Figure 1—Test connections for study of ca- 
thodic protection of well casings. 


at a potential of at least —0.85 volt to a copper-copper 
sulfate half cell. This observation has been used 
successfully for a number of years as a criterion of 
cathodic protection effectiveness. Undoubtedly, it 
would be used to determine cathodic protection effec- 
tiveness on oil well casings if the proper measure- 
ments could be made. 

The principal difficulty in applying a voltage 
criterion to cathodic protection of oil well casing is 
one of determining the potential between the casing 
and a reference electrode adjacent to the casing at 
the bottom of the well. Such measurements are im- 
practical, hence, alternative measurements must be 
made that will give approximately the same in- 
formation. 

One method of applying a voltage criterion may be 
to measure the potential between the bottom of a 
casing under cathodic protection and a reference 
electrode placed on the surface of the ground at 
various distances from the well head. According to 
potential theory, it is reasonable to assume that at 
some distance from the well head the potential at 
the earth’s surface is the same as that of the ground 
adjacent to the casing at the bottom of the well. 
It will be difficult, of course, to locate points on the 
earth’s surface that are at exactly the same potential 
as the earth at the bottom of the well,. but if the 
potential gradient with distance away from the well 
head increases only gradually, it may be possible to 
estimate downhole potentials with reasonable ac- 
curacy. 


Determination of Cathodic Protection Current 
Requirements 
Various methods of determining cathodic protec- 
tion current requirements have been mentioned in 
the literature.* * °° Following are brief discussions 
of three of the methods. 


Current Requirements Estimated From Elimination of 
Negative Slopes of Casing Potential Profiles. 


In essence, this method involves measurement of the 
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Figure 2—Well A casing potential profiles and estimated corrosion rates. 


“natural” potential profile and subsequent profiles with 
various values of current applied to the casing. The 
current required for cathodic protection is believed to 
be that which eliminates the negative slopes from the 
natural profile. 


Current Requirements Estimated From Current Density 
and Casing Surface Area. 


This method of estimating current requirements is 
widely used in designing cathodic protection systems 
for pipelines. Experience has shown that current den- 
sities ranging from 0.5 to 2.0 milliamperes per sq. ft. 
of bare metal surface are usually adequate for complete 
protection of steel in soils. Factors that must be con- 
sidered in estimating the current density required for 
cathodic protection of oil well casing include (1) the 
surface condition of the casing, (2) the question of 
whether or not the casing has a protective coating or is 
sheathed with cement, and (3) the characteristics of the 
formations penetrated by the casing. 


Current Requirements Estimated From “Null” Potential 
Measurements 

A modification of the Pearson’? null potential 
method has been used with some success to predict 
cathodic protection current requirements. This 
method involves application of a series of current 
values to the casing and measurement of potential 
between the well head and a reference electrode 
immediately after interruption of each value of ap- 
plied current. Current requirements are then deter- 
mined from the intercepts of the straight line por- 
tions of potential versus log-current curves plotted 
from the null potential data. 


TABLE 1—Kettlhoman Hills Test Wells 





| | Casing 

| Total Depth | Surface Area 
WELL Date Completed | (Ft.) | (Sq. Ft.) 
Me gins September 24, 1935 22,700 
B ey . April 30, 1936 22,200 
19,300 
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Kettleman Hills Tests 


° o4 os 
Each of the three test wells was , 
provided with a rectifier connected poe 
between the well head and a scrap 


pipe anode placed 600 to 1,000 feet 2000 
from the well. Points used in mak- 
ing the measurements are shown 
in parentheses and identified in 
Figure 1. The following measure- 
ments were made at each well: 


4000 


DEPTH — FEET 


1. Potential differences as a func- 
tion of depth between points 
inside the casing (1-2). 7000 


6000 


2.Potentials between surface 
reference electrodes and points 
inside the casing with various 
values of current applied (1-4 
and 1-5). 


8000) 


3. Potential differences between 
the top and botton of the cas- ORROSION RATE -M 
ing with various values of ap- 


4. Potential differences between E 
the top of the casing and sur- + 
face reference electrodes (3-4 30 — 


and 3-5). 


Test Results = 
Casing Potential Profiles 


Natural potential profiles were 
measured in the test wells prior to 7000F 
application of current. In each in- 
stance, the natural profile was ob- 
tained as the probe tool was 
lowered to the bottom of the cas- 
ing. Potential profiles with current 
applied then were obtained as the 
probe was raised to the surface. A 
series of current values was used at each point of 
measurement, starting with a low value and in- 
creasing to the maximum current for each test. OFF 
potential measurements also were made at each 
position immediately after interrupting the maximum 
applied current. 

Natural potential profiles for Wells A, B, and C 
are shown in Figures 2, 3, and 4, respectively. Also 
shown are representative profiles with current ap- 
plied and polarization profiles (dotted) resulting 
from prolonged application of cathodic protection. 

Marked changes will be noted in the polarization 
profiles shown in Figures 2, 3, and 4. These changes 
resulted from the application of various amounts of 
current for varying lengths of time. A current of 
20 amperes was sufficient to erase the negative slopes 
from the natural profile of Well A. 

Average corrosion rates calculated from the 
negative slopes of the natural profiles are plotted 
at the left sides of Figures 2, 3, and 4. In making 
these calculations, all corrosion occurring as a re- 
sult of current discharge between successive 10 foot 
intervals was assumed to be uniformly distributed 
over each interval. Unless some factors are present 
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Figure 4—Well C casing potential profiles and estimated corrosion rates. 


to cause the corrosion to be localized, corrosion rates 
of these magnitudes cannot be considered serious. 
Actually, there has been no severe localized corrosion 
in the particular wells used for the tests because 
none of the casings have developed leaks to date. 


Casing Potential Versus Depth 

Potential versus depth curves for Wells A, B, and 
C are shown in Figures 5, 6, and 7. For the sake of 
clarity, only the OFF potential curves and the most 
recent ON potential curves are shown. In each in- 
stance, a greater change in potential occurred at the 
top of the well than at the bottom. This difference 
was caused by the higher current density that ex- 
isted at the top of the well. Initially, the top of each 
well was cathodic to the bottom. Application of 
cathodic protection reversed this condition. 


Casing Potential Versus Time 

Figure 8 shows the effect of time on the zero- 
current potentials measured between the well head 
and a remote reference electrode for each of the three 
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Figure 5—Well A casing-to-soil potential versus depth. 
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Figure 6—Well B casing-to-soil potential versus depth. 


test wells. Readings were taken immediately after 
interruption of applied current. 

Well A required current application for 100 days 
before the potential between the well head and a 
remote reference electrode measured —0.85 volt. Po- 
tentials at Well C were erratic; a minimum of —0.85 
volt was not maintained until current had been ap- 
plied for 15 days. Well B failed to measure —0.85 
volt even after application of current for 140 days. 

Figure 9 shows that complete polarization, as 
indicated by a potential of at least —0.85 volt be- 
tween the bottom of the casing and a remote ref- 
erence electrode, was achieved only in Well C. Pro- 
jection of the curves for Wells A and B indicates 
that, with the currents used, protection would not be 
achieved in Well A for several years and in Well B, 
during the life of the well. 


Determination of a Criterion of Cathodic Protection 


Tests were made at Well A to determine if bottom 
hole potentials can be estimated from potentials 
measured between the bottom of the casing and a 


510t 


168 DAY-25 AMP 


é. 
oO 


POTENTIAL - VOLTS 
9 





OL 


Ss 


168 DAY-OFF 


é 
@ 


110 DAY-OFF 


CASING -TO- 


INITIAL 


e 3 4 5 
DEPTH — THOUSANDS OF FEET 


Figure 7—Well C casing-to-soil potential versus depth. 


remote reference electrode. The tests were made 
after considerable polarization had developed on the 
casing. Measurements were made between a contact 
inside the casing at the bottom of the well and a 
copper-copper sulfate reference electrode placed in 
contact with the ground at varying distances from 
the well head. Potentials were measured with zero 
current and with 30 amperes applied to the casing. 
Results of the tests are plotted as potential versus 
distance curves and shown in Figure 10. 

Examination of Figure 10 shows that there was 
less than 20 millivolts difference in potential between 
the measurements made at 300 and 1,500 feet from 
the well head with either 30 amperes or zero current 
applied. Apparently potentials measured between the 
bottom of the casing and a surface reference elec- 
trode located at least 300 feet from the well head 
will give a reasonable approximation of the casing- 
to-soil potential at the bottom of the casing. 

Downhole casing-to-soil potentials may be esti- 
mated from well-head potential measurements if the 
potential drop down the casing and the potential 
change induced downhole by application of current 
are known. The relationship between these potentials 
may be expressed as: 


E: (ony = Es corr) — Ex-s corr) + dE; con) (1) 


where: 

E; con) is the casing-to-soil potential at the bottom of the 
well with current ON. 

Es; orr) is the casing-to-soil potential between the well 
head and a remote reference electrode with 
current OFF. 

Ei-s orr) is the potential difference between the top and 
bottom of the casing with current OFF. f 

dE; (on) is the potential change induced at the bottom ot 
the well by turning current ON. 
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Figure 8—Casing-to-soil potential at surface (zero current) versus time. 


TABLE 2——Estimated Cathodic Protection Current Requirements 





| CURRENT REQUIREMENTS 





| 








Casing | Casing Potential | Casing Potential | 
Surface | Profile (Before Profile (After Null 
WELL | Area! Polarization) Polarization) | Potential 
A 34 amp | 20 amp 15-30 amp | 17 amp 
B 33 amp 26 amp 8 amp 30 amp 
c 29 amp No Data 25 amp | 17 amp 











1A current density of 1.5 ma per sq. ft. was assumed and surface areas 
shown in Table 1 were used in making these estimates. 


Numeral subscripts refer to positions shown in 
Figure 1. 

E; orr) is the only potential that can be measured 
without downhole contact. The tests indicate that 
both E,-, orr) and dE, (oxy can be approximated for 
a given field from a few downhole measurements. 

Estimates of the potential gradient, E,_, worr), for 
Kettleman Hills can be obtained from reference to 
Figures 11, 12, and 13. Maximum potential gradients 
of 19, 13, and 30 millivolts per 1,000 feet are shown 
for Wells A, B, and C, respectively. Broken lines 
indicate constant potential gradients. These were 
estimated by dividing the potentials measured be- 
tween the well head and contacts.at various depths 
inside the casing by the distances from the well head 
to each point of measurement. 

Well C was believed to be completely protected 
at the time the above measurements were made. An 
OFF potential of —0.86 volt measured between the 
bottom of the casing and a remote surface electrode 
was used as evidence of protection. It is assumed 
that the OFF potential gradient measured from the 
well head to the bottom of Well C is a reasonable 
approximation of the gradient to be found in the 
Kettleman Hills Field. Of course, additional measure- 
ments in other wells will be needed to support this 
assumption. Until further information is obtained, 
a gradient of 20 to 30 millivolts per 1,000 feet of 
depth will be used for E,_; orr. 

Changes in potential (dE, (ony) induced at the 
bottom of the test wells by turning rectifier current 
ON and OFF were found to be relatively small; 
(i.e., on the order of 15 to 40 millivolts.) Somewhat 
higher potential changes should be expected in 
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Figure 9—Casing-to-soil potential at bottom (zero current) versus time. 
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Figure 10—Well A casing-to-soil potential versus distance from casing 
to reference electrode. 







shallower wells because the current densities will be 
higher at the bottoms of such wells. 

If a potential gradient, E,_, (orr), of 20 millivolts 
per 1,000 feet and a change in potential, dE, (on), of 
20 millivolts are assumed, then downhole potentials 
may be estimated from the following relationship: 











D 
E; (ony = Es corr) — 20 To00 7 20 (2) 





where E, and E; are in millivolts and D in feet. 






Estimation of Probable Current Requirements 






Probable current requirements were estimated from 
(1) potential profile measurements, (2) casing sur- 
face areas, and (3) null potential measurements. 
Comparison of the estimates is made in Table 2. 
Results of null potential measurements are plotted 
as potential versus log current curves in Figure 14. 
Intercepts of the straight line portions of each curve 
indicate probable current requirements for each well. 

Projection of the curve for Well B indicates that 
protection might not be attained for several years 
unless the applied current is increased. 

A possible explanation of the erratic behavior of 
Well C is that the decreases observed in casing-to- 
soil potential may have been caused by removal of 
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Figure 11—Well A voltage drop versus depth. 
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Figure 12—Well B voltage drop versus depth. 


some of the varnish coating from the casing by con- 
tinued current application. Such a coating would 
tend to be removed by the accumulation of secondary 
products of cathodic protection under the coating. 
Exposure of more bare steel would increase the 
tendency for depolarization which in turn would 
cause a decrease in the casing-to-soil potential. A 
similar effect was not noted in Well A because it 
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Figure 13—Well C voltage drop versus depth. 


is an older well and probably most of the varnish 
coating has long since disappeared. 


Discussion 


Currents applied to the three test wells were 
selected to give as much information as_ possible 
about cathodic protection of casing in deep wells. 
Thirty amperes was applied to Well A_ because 
initially it was believed to be more sufficient to 
protect the well. Ten amperes was applied to Well 
B to study the degree of protection obtainable from 
prolonged application of insufficient current. Well C 
was supplied with 15 amperes in the belief that it 
would be sufficient to protect the casing. As the 
tests progressed, it was found that the currents 
applied to all three wells were inadequate to achieve 
protection at least during the test period. Current 
was increased from 15 to 25 amperes on Well C 
and complete protection, as indicated by potential 
measurements, was achieved. 

All of the estimates presented in Table 2 indicate 
that a current of 30 amperes should have been suf- 
ficient to protect the casing in Well A. Well C was 
protected with a current of 25 amperes and has only 
15 percent less casing surface area. Apparently there 
is much more bare metal exposed to formation in 
Well A. This is possible because Well A was com- 
pleted in 1935 and Well C in 1944 and more ex- 
tensive deterioration of varnish and mill scale coat- 
ings undoubtedly has occurred in Well A. High 
currents will be needed to protect Well A if the 
area of bare metal is large. 
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Figure 14—Null potential curves. 


Depolarizers such as oxygen and sulfate-reducing 
bacteria*» 7? for many years have been considered 
as the major cause of pipeline failure in corrosive 
soil areas. More recently sulfate-reducing bacteria’® 
have been suggested as the source of oil well casing 
failure. In this paper only oxygen will be discussed 
because laboratory and field study fails to show 
that sulfate-reducing bacteria are likely to cause 
severe Casing corrosion. 

Oxygen is present behind casing as a result of oil 
well drilling and may be present at sufficient con- 
centrations in connate waters to account for much 
of the external casing corrosion. 

It is generally accepted that the primary corrosion 
mechanism of steel in neutral and alkaline electro- 
lytes containing dissolved oxygen is: 


2Fe + 2H20 + O2= 2Fe** + 40H- 


This is the reaction of an oxygen electrode in an 
alkaline electrolyte. Bare metal casing will act as an 
oxygen electrode in such an environment as long as 
dissolved oxygen is present. When the dissolved 
oxygen is consumed, polarization occurs, and cor- 
rosion ceases. 

Figure 15 shows the current density distribution 
determined for casing in Well A after a current of 
30 amperes had been applied for several months. 
Current densities were calculated from potential pro- 
file data obtained from the well. 

Examination of Figure 15 shows that current 
densities between 0.5 and 1.5 milliamperes per sq. ft. 
were maintained on the casing at depths below 4,000 
feet. The corresponding potential change at bottom 
was only 100 mv (see Figure 9). Since protection was 
not achieved, some depolarizer must be present. Per- 
haps there is a small but continuing supply of dis- 
solved oxygen in the formation waters and the cur- 
rent density applied to the casing below 4,000 feet 
is too low to consume the oxygen as it diffuses to the 
casing. 
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Figure 15—Well A current density versus depth. 


TABLE 3—Comparison of Measured and Calculated Potentials for 
Well C After Complete Cathodic Protection 





| 
| Measured | Calculated 


Measurements | (Volts) | (Volts) 


OFF potential from bottom of casing to remote 

electrode (1-5, Figure 1)... 86 -0.85 
OFF potential from top of casing. to remote 

electrode (3-5, Figure 1).. ae { ~—0.99 
OFF potential between top and bottom of c asing | 

(1-3, Figure 1).. 15 0.14 
ON potential from bottom of casing to remote 

electrode (1-5, Figure 1)... areca ce cana : -0.87 


A relatively large change in casing-to-soil potential 
was observed at the bottom of Well C when an 
average current density of 1.4 ma per sq. ft. was 
used (see Figure 9). Apparently this current density 
was sufficient to offset the effect of the depolarizer. 
Subsequent measurements made after protection was 
achieved indicated that average current densities on 
the order of 1 ma per sq. ft. are necessary to main- 
tain the potential change. If dissolved oxygen is 
present in formation waters, this probably is the 
current density needed to consume the oxygen as it 
diffuses to the casing through the mud sheath. 

Table 3 shows the potentials measured at Well C 
after complete protection was achieved. Potentials 
calculated using Equation 2 are included for com- 
parison. 

Examination of Table 3 shows that a bottomhole 
potential of —0.86 volt was measured with the cur- 
rent OFF and that a potential of —0.85 volt was 
calculated using Equation 2. Bottomhole ON po- 
tentials of —0.91 and —0.87, respectively also were 
determined. Apparently protection at the bottom of 
the casing can be estimated from potential measure- 
ments made between the well head and a remote 
reference half cell if reasonably accurate values of 
E,-3 worr) and dE, (ony are available. 

Additional tests were made to estimate the mini- 
mum current needed to maintain 100 percent pro- 
tection at the bottom of the casing in Well C. Mini- 
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mum current was estimated by making incremental 
reductions in the applied current and observing the 
changes induced in the potential measured between 
the well head and a remote reference electrode. No 
significant change in the OFF potential was noted 
until the applied current was reduced from 25 to 
about 17 amperes. Apparently, a current of 17 
amperes is slightly less than the minimum needed to 
maintain complete protection. It will be recalled from 
Table 2 that the minimum current estimated from 
null potential measurements was 17 amperes. 


Conclusions 


1. Casing in deep wells in the Kettleman Hills field 
can be protected completely by the application of 
current densities on the order of 1.0 to 1.5 milli- 
amperes per sq. ft. of surface area exposed to 
formation. 


. Cathodic protection criteria as applied to pipe- 
lines are applicable to oil well casing. Surface 
potential measurements can be used to indicate 
the effectiveness of cathodic protection on oil well 
casing if the potential drop, E,-; orr), and the 
induced potential change, dE, (ox), are established 
for each field. 


. Null potential measurements may be used to esti- 
mate cathodic protection current requirements, 
but the current values are likely to be low if 
polarization is desired in a reasonable length of 
time. Null potential measurements may be useful 
to indicate approximate currents required to main- 
tain protection once attained. 


. Casing potential profiles appear to be unsatis- 
factory for determining cathodic protection re- 


quirements, particularly when it appears that the 
requirements will have to be determined for ind}. 
vidual wells. 


- A small but continuing supply of dissolved oxy. 


gen is suggested as the most likely cause of ex. 
ternal casing corrosion in neutral to mildly alka- 
line formation waters. 


References 


.S. P. Ewing and J. F. Bayhi. Cathodic Protection of 


Casing in Loudon Pool. Corrosion, 4, No. 6, 264 (1948). 


.R. E. Hammond and S. P. Ewing. Protection of Well 


Casing Against Corrosion. World Oil, 132, No. 2, 154 
(1951). 


. L. DeWitte and F, J. Radd. Corrosion of Oil Well Casing 


By Earth Currents. Jour. Petr. Tech., 7, No. 4, 66 (1955), 


.J. D. Sudbury, J. E. Landers and D. A. Shock. External 


Casing Corrosion Control. Jour. Petr. Tech., 7, No. 6, 92 
(1955). 


.L. DeWitte. More Current Required for Cathodic Pro- 


tection of Well Casing. Oil and Gas Jour., 54, No. 1, 109 
(1955). 


.J. P. Barrett and E. D. Gould. Cathodic Protection of 


Well Casing. Oil and Gas Jour., 54, No. 11, 90 (1955), 


. W. J. Schwerdtfeger and O. N. McDorman. Potential and 


Current Requirements for the Cathodic Protection of Steel 
in Soils. J. Research NBS, 47, 104 (1951). 


.S. P. Ewing. Determination of Current Required for 


Cathodic Protection. Proc. AGA, 613 (1940). 


.K. H. Logan, J. M. Pearson, I. A. Denison, R. F. Hadley 


and A, V. Smith. Determination of Current Required for 
Cathodic Protection. Petroleum Engr., 14, No. 10, 168 
(1943). 


.J. M. Pearson. Null Methods Applied to Corrosion 


Measurements. Trans. Electrochem. Soc., 81, 485 (1942). 


.R. F. Hadley. Methods of Studying Microbiological 


Anaérobic Corrosion of Pipe Lines. The Petroleum Engr, 
11, Nos. 6 and 7 (1940). 


.R. L. Starkey and K. M. Wight. Soil Areas Corrosive to 


Metallic Iron Through Activity of Anaérobic Sulfate- 
Reducing Bacteria. American Gas Monthly, 25, 223 (1943). 


.K. Doig and A. Wachter. Bacterial Casing Corrosion in 


the Ventura Field. Corrosion, 7, No. 7, 212 (1951). 


Any discussions of this article not published above 
will appear in the December, 1957 issue. 





zinc 
cop 
zinc 
ties 
zint 
imp 
of 3 
Spo 
gra 
wa: 
zin 
im] 
ter¢ 
fort 






1 OXy- 
of ex. 
alka- 


tion of 
(1948), 
f Well 
2, 154 


Casing 
(1955), 
xternal 


. 6, 92 


c Pros 


1, 109 


Tadley 
ed for 
), 168 


rosion 
1942), 
ogical 
Engr. 


ive to 
ilfate- 
1943), 


ion in 














History 
INC AS A galvanic anode has been used for 
over a century. The British Navy used zinc 

anodes in 1824 to prevent corrosion of copper sheath- 
ing on wooden ships. With the advent of steel hulls 
fitted with bronze propellers, a galvanic cell was es- 
tablished which caused excessive corrosion of the 
steel in sea water, particularly in the stern area. 
Zinc anodes, coupled to the steel in the stern area, 
suppressed this corrosion in part. However, after 
short periods in service, dense corrosion products 
accumulated on the surface of the zinc anodes and 
restricted the flow of current such that protective 
potentials could not be maintained. Thousands of 
zinc anodes, removed from ships over the years, ac- 
cording to Navy Department Records, were found 
to have about 65 percent of their original weight 
while the stern areas were found to be badly cor- 
roded. 


Impurities in Zinc 

The common trace impurities generally found in 
zinc of various commercial grades are lead, cadmium, 
copper, and iron. Many investigators noticed that 
zincs containing large amounts of these trace impuri- 
ties behaved differently than the purer grades of 
zincs.2X, Extensive research on the effects of these 
impurities on anode performance disclosed that traces 
of iron in excess of 0.0014 percent were mainly re- 
sponsible for the erratic behavior of special high 
grade zinc.** A direct result of these investigations 
was the issuance of a new military specificati on 
zinc anodes for cathodic protection applications. The 
improved anodic behavior was attributed to the al- 
tered character of corrosion products which naturally 
form on the zinc. 


Mounting of Zinc Anodes 

New methods of mounting were devised to ensure 
foolproof mechanical and electrical attachment of the 
zinc to the structure. The previous arrangement of 
drilling the zincs and bolting them to studs which 
were welded in the hull was discarded in favor of 
welding an anode to the hull by means of protruding 
cast-in galvanized straps. 


*% Reprinted from the Journal of the American Society of Naval Engi- 
neers, 68, 701-704 (1956) Nov. 

@ Research Chemist, Chemical Laboratory, Boston Naval Shipyard. 

®) Corrosion Engineer, Bureau of Ships, Department of the Navy 

Washington, D. C. 


Cathodic Protection of an Active Ship 
Using Zinc Anodes” 


By B. H. TYTELL’? and H. S. PREISER®? 







Abstract 
Low iron, special high grade, zinc anodes were in- 
stalled on the bottom of the YTB-542 for a study 
of their performance as sacrificial anodes. Hull- 
potential readings were taken weekly for a fifteen 
month period, after which the vessel was dry docked 
and the hull examined. Protective potentials, re- 
ferred to silver-silver chloride half-cell, of —0.85 to 
—0.90 volt were maintained with the ship at rest 
and averaged —0.78 volt, when underway. The con- 
dition of the hull was excellent. The rate of zinc 
consumption in anodes was low. 5.2.2 


It was found by experience that open spacing of 
anodes in lieu of close grouping increases their cur- 
rent output and improves the current distribution. 


Service Test Conducted 


In view of the laboratory data available on the 
anodic behavior of high purity zinc with an iron 
content of less than 0.0014 percent, a series of service 
tests were initiated for the purpose of establishing 
the validity of this new information. Zinc, as a gal- 
vanic anode, is most practical in installations where 
adequate current requirements for cathodic protec- 
tion can be met by relatively low driving potentials. 
With this factor in mind, a well painted harbor craft, 
operating in high conductivity seawater, was chosen 
for this experiment. The total bottom area of the 






















Figure 1—Type ZHS zinc anode mounted on hull. 
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Figure 5—Graph of hull potential of YTB-542 (Ag-AgCl) versus time. 
Readings were taken on starboard side with ship at rest. 


Figure 3—Arrangement 





Figure § 


Figure 6—Appearance of zinc anodes and hull after 15 months’ service, 
port side, forward. 


tential readings, with the tug at rest, were taken at 
weekly intervals at 6 and 12 foot depths from July 21, 
1954 to October 21, 1955, except during the period 
that the tug was under repair. Whenever possible, 
potential readings were also obtained while the tug 
was underway at a speed of 7 to 10 knots, using a 
trailing silver-silver chloride reference electrode. A 
Figure 4—Arrangement of zinc anodes on hull—port side, aft. plot of potentials of the ship at rest is shown in 
Figure 5. The potentials of the ship when underway 


vo ie ¢ ° rop slightly, averaging al —0.78 volt. The 
ship is about 2500 square feet and the area of the dropped slightly, averaging about —0.78 volt 





manganese-bronze propeller is approximately 50 ae around Boston Harbor 7” normally saline hav- 
square feet ing a resistivity in the order of 40 ohm-centimeters. 
Cathodic Protection Installation ee Observations on Dry Docking : 
In July 1954, 30 cast-in strap, zinc anodes (Specifi- Examination of the underwater hull immediately #8 
d 7 - ’ ae c 3 & Aes ~ . , Bare Boon ae - not 
cation MIL-A-18001, type ZHS) were welded to the fter dry docking the tug on November 1, 1955 dis- 63 p 
bottom of the YTB-542, fifteen anodes on each side. closed the following: a 
Figure 1 is a close-up of a typical anode. The zincs 1. The paint film on the tug’s bottom was in excel- cont 
were spaced uniformly from frame number 5 to the lent condition. com 
after perpendicular as shown in Figures 2 to 4. The -Only about 20 percent of the zinc had been con- appe 
otk oe . ae aero sumed during the 15 months of the tug’s operation. iam 
- a ee paintec ee aa weeem ae — . Negligible amounts of zinc corrosion products ae 
ard Navy hot plastic system (Navy formulas F-11/, were observed on the surfaces of the zinc anodes. 2,901 
F-14N, and F-15HPN) and was in good condition at pe mee = observed on the tug’s bottom, feet 
the time of installation. See Figures 2 to 4. en ee i ise pow 
.One zinc anode showed no deterioration whatso- ; 
ever. aval 
Potential Readings . A typical zinc anode, removed from the tug’s bot- Iron 
Hull potential readings, using a silver-silver chlo- “sie yee 4 se (A loss of 4.5 pounds mill 
B 7 ° rom the initia 20unds, . 
ride reference electrode and a potentiometer-voltme- ' mill 
ter, were first obtained by Boston Naval Shipyard The condition of the zinc and the hull is shown in per 
personnel on July 21, 1956, with the tug at rest. Po- Figures 6 to 8. lent 
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Figure 7—Appearance of zinc anodes and hull after 15 months’ service— 
port side, aft. 


Figure 8—Appearance of zinc anodes and hull after 15 months’ service— 
stern view. 


Figure 9—Appearance of main seachest after 15 months’ service 
showing complete absence of corrosion and paint deterioration. 


Discussion 

As stated before, zinc anodes of low purity did 
not protect the stern area of vessels adequately, and 
65 percent of a zinc anode was not available because 
of corrosion-product incrustation. This is in marked 
contrast with the results of this investigation where 
complete cathodic protection had been obtained. The 
appearance of the zincs signifies that they will con- 
tinue to be effective as long as they last. To protect 
2,500 square feet of well painted hull and 50 square 
feet of bare manganese bronze propeller, only 135 
pounds of zinc was consumed from the 690 pounds 
available. The average current density calculated 
from this weight loss to protect the hull, allowing 25 
milliamperes per square foot for the propeller, is 1.1 
milliamperes per square foot. In view of the high 
percentage of zinc left on the anodes, and the excel- 
lent condition of the tug’s bottom, the YTB-542 was 
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Figure 10—Appearance after 15 months’ service of a zinc anode which 
has corroded on both top and bottom surfaces. Note the excellent 
condition of the paint adjacent to the anode. 


returned to service with the same zinc anodes and 
without repainting the hull. Figure 9 shows the fine 
appearance of the main sea chest, usually a trouble- 
some corrosion area, after 15 months of exposure 
under cathodic protection conditions. Potential read- 
ings will be taken until the zinc anodes are com- 
pletely consumed. 


The even consumption of the zinc anodes and the 
good appearance of the hull indicate that effective 
distribution of current was obtained. 


No explanation can be given for the lack of cor- 
rosion products or weight loss observed on one zinc. 
A chemical analysis of the zinc showed it to con- 
form to the composition requirements of Military 
Specification MIL-A-18001. 

Another point worthy of note is that the zincs were 
installed without the usual practice of embedding 
the faying surfaces in zinc oxide paste. Apparently 
this oversight did little harm except that anodic ac- 
tion did take place on some zinc anode faying sur- 
faces. Figure 10 shows an anode corroding on both 
the top and bottom surfaces. No paint damage in 
way of the anode was observed. 


; Conclusions 
High-purity zinc, conforming to Military Specifi- 
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cation MIL-A-18001, provided excellent cathodic pro- 
tection to an active ship in service. 

Protective potentials both underway and at rest 
were obtained continually during the 15 months of 
the investigation. 

The condition of the tug’s bottom was excellent. 
No adverse effect from the zinc cathodic-protection 
system was found on the Navy hot-plastic paint. 

Distribution of current from the spaced anodes was 
effective. 

Based on the low rate of zinc consumption during 
the first 15 months’ period, it is anticipated that this 
combination of paint and cathodic protection will last 
four or five years. Hot plastic systems have demon- 
strated anitfouling life well within this range on 
Reserve Fleet vessels. 


Note: Since this report has been written, the 
tugboat has continued to receive protection from the 
original zinc anodes which were installed on July 21, 
1954. Recent hull potential readings show a sus- 


tained protective potential averaging about —0.80 volt. 
Thus far the ship has been under cathodic protection 
for a period of 30 months. The ship is expected to 
be drydocked for routine inspection during the latter 
part of 1957. 
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The Application of Cable in Cathodic Protection” 


Introduction 

NDUSTRY CONSTANTLY strives for greater 
| economy of operation. In line with this objective, 
the use of cathodic protection has been economically 
justified as an effective method of reducing corro- 
sion losses on underground and underwater metallic 
structures. 

In connection with these economic considerations, 
the objective in design of a cathodic protection sys- 
tem is maximum effectiveness at optimum over-all 
costs. Therefore, all components of the cathodic pro- 
tection system are subject to technical and econom- 
ical analysis in the design phase. Cable is usually a 
fundamental component of a cathodic protection sys- 
tem. The following discussion concerns the technical 
and economic factors involved in selection of cable 
for the particular applications involved in cathodic 
protection. 

Fundamentally, cable consists of a metallic con- 
ductor and an outer covering of selected materials 
that combine to provide the special electrical and 
physical characteristics required to meet the particu- 
lar conditions encountered in various applications. 
Figure 1 is an adequate illustration of the type of 
cable construction considered here. A variety of con- 
ductor types, conductor sizes and outer jacket mate- 
rials are readily available. The factors involved in 
selection of the metallic conductor and outer cover- 
ings are discussed from the cathodic protection stand- 


point. 


PART 1 


Metallic Conductor 

The primary function of the metallic conductor is 
to provide the connecting electrical circuit between 
components of the cathodic protection system. The 
conductor must be capable of carrying the maximum 
design current continuously throughout the intended 
life of the installation without deleterious effects. 
Where all of the direct current flow is confined ex- 
clusively to the metallic conductor, the only physical 
changes resulting from current flow are those result- 
ing from heating effects. The heating effects that can 
be tolerated safely depend on (a) the heat generated 
in the conductor, (b) the heat dissipation character- 
istics of the cable in its environment, and (c) the 
temperature limits applicable to the cable insulating 
materials. 

The heat generated by current flow is a function 
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Abstract 


The requirements of a suitable metallic conductor 
in a cathodic protection system are discussed. Par- 
ticular attention is paid to economic factors and 
power loss in the selection of suitable conductors and 
the most satisfactory cable sizes. Data are given to 
show the relative electrical resistivity of copper, alu- 
minum, iron and lead. 

The selection of cable insulation and protective 
coverings in cathodic protection systems is discussed 
in detail. Data are given to show physical and accel- 
erated aging requirements of polyethylene insulation 
and polyvinyl chloride sheath compound. Data also 
are included show the electrical stability of various 
types of insulation after immersion in tap water, and 
after immersion in various chemicals. Other topics 
discussed include mechanical properties of insulation, 
insulation versus environment, installation techniques 
and splicing requirements. 

It was found that a cable construction which makes 
use of a polyethylene insulation and a polyvinyl chlo- 
ride sheathing compound has the best combination 
of properties for use in cathodic protection. 5.2.1 


of I?R which, incidentally, is also a measure of power 
loss. Minimum heat and power loss are desirable. 
From I?R relationship, it is obvious that the conduc- 
tor resistance should be held to a practical minimum. 
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Figure 1—Two layer insulation and cable. Inner layer is polyethylene 
and outer sheath is PVC. 


The resistance of a conductor is known from R = 
pxL/A when: 


p = specific resistivity of conductor 
L = length 
A= 


For a given cable length, a minimum resistance will 
be approached by selecting a conductor material of 
low specific resistance. Table 1 lists specific resistiv- 
ity of practical materials. 

From Table 1, it is obvious that copper is a desir- 
able conductor material. Fortunately, it also pos- 
sesses desirable mechanical properties. Therefore, 
copper is in common use as an electrical conductor. 
The resistance of aluminum, while somewhat higher 
than that of copper, also qualifies it for use in many 
applications. The use of aluminum in cathodic pro- 
tection is discussed in more detail later in the paper. 

For any particular conductor material, it is also 
obvious that conductor resistance decreases as the 
cross-sectional area increases. Therefore, the current 
carrying capacity of a given cable increases as the 
cross-sectional area of the conductor increases. While 
the general principles involved in determining cur- 
rent carrying capacity are of interest, the recom- 
mended current carrying capacity of various size 
cables has been worked out by the cable industry and 
are readily available in the form of tables similar to 
Table 2. 

On the basis of Table 2, certain table sizes rated be- 
low the current requirement of the particular cathodic 
protection system can be automatically eliminated. 
Selection of cable sizes from those remaining is based 
on voltage drop, power loss and over-all economic 
considerations. 


cross sectional area. 


Voltage (IR) Drop 
Voltage drop in the conductor can be readily cal- 
culated from the Ohms Law relationship of E = IR. 
Figure 2 is a graphical plot of IR drop relationship 
for various cable lengths, sizes and current values. 
The voltage drop in the conductor 
should be included in calculation 


Vol. B 


vanic anodes where total circuit driving voltage js 
less than one volt. In such instances, the conductor 
resistance and resulting IR drop can be a controlling 
factor in current output and installation perform. 
ance. In low voltage systems where appreciable cur. 
rent is required, the relationship of IR drop to cop. 
ductor size should be given special consideration, 

IR drop in the conductor also exerts an effect on 
current drain per anode in impressed current systems 
where a number of anodes are served by a common 
header. When it is desirable to approach a uniform 
current drain per anode, the effect on anode current 
drain is more significant where total circuit driving 
voltage is relatively low. In such instances, the 
“header wire to anode” configuration as well as con- 
ductor size should be considered. 


Economics and Power Loss 


Those certain conductor sizes which do not possess 
the required current carrying capacity and voltage 
drop characteristics need not be considered further 
in cable design. Selection of the optimum from the 
remaining cable sizes available is based on economic 
considerations. The total cost involved in cable com- 
ponents of a cathodic protection system would be 
the investment costs (cable cost and fixed account- 
ing charges) plus the cost of power loss (I?R) during 
the period of operation. 

Since bare conductors are not employed in sub- 
merged portions of cathodic protection systems, the 
cable costs to be considered are those applicable to 
conductors with a suitable insulation. Figure 3 illus- 
trates the variation in total cost with cable size for 
some specific conditions. This figure also emphasizes 
the economic necessity of selecting the proper cable 
size, 

An economic optimum cable size usually exists for 
any specific conditions of operation. This economic 


TABLE 1—Specific Resistivity of Metals and Electrolytes 








Relative 
Resistivity 
Compared to Copper 


| Electrical 
Resistivity 


Material Ohms—Cms 


Copper. . eae 
Aluminum Sek ee 
RM 5 es Sere Soke bs | 
Lead... 

Seawater 


12: 
12,000,000 
595,000,000 








_ 1 These values vary with environment. Values selected adequately empha- 
size the comparison. 


TABLE 2——Dimensions and Electrical Characteristics 





of total circuit voltage required for 
the cathodic protection system. 
Where the ratio (conductor volt- 
age drop/total circuit driving volt- 
age) is small, the IR drop, as such, 
may not be of particular conse- 
quence. However, voltage drop 
can become a significant factor in 
performance of systems where 





|Polyethyl- 


Thickness 
in 64ths |in 64ths| Inches 





¢ ivinge vc is , “his es 
total driving voltage is low. This vsernc| Se ae 
situation exists, for example, in 


Approxi-| 
mate 
Overall 
ene In- | Sheath | Diam- 
sulation | Thick- eter 
ness in 


Conductor 
Resistance 
per 100’ 


Rated Current 
in Amperes 
with Condr 

Temp of 75C with Condr 
in Earth at in Air at Temp. of 
20C Ambient 30C Ambient! 75C 


88 65 0.0780 
113 95 i 

147 120 
190 170 
213 195 
242 230 
273 265 
312 310 
351 360 
382 405 


Rated Current 
in Amperes 
with Condr 
Temp of 75C 


PVC 
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marine installations involving gal- 
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1If part of the circuit is above ground in air, the current carrying capacities shown here should be used 
to prevent the conductor temperature from exceeding 75C. 
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optimum in cable size depends on 
several factors, many of which vary 
with the particular installation. These 
factors and their symbols as em- 
ployed herein include: 

















1.1 (amperes)—Current carried in the 
conductor. 













_Rs (ohms)—Resistance of the con- 
ductor sizes per unit length L. 
s—A cable size. 

L—Unit length of cable. 


to 








3, P—ac power rate (Cents/KW Hr). i PT ea ee eres Ht 





4,E—Efficiency of ac to de conver- a 
sion (percent). A seer tt 
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.Cs—Purchase price per unit length sstzsgssee — 
“oT LENGTHS FEET 


of cable s (dollars). 


on 





> 


Y—Design life (years). Figure 2—Voltage drop chart. 


.A—An accounting factor (percent) 
covering fixed yearly charges for 
taxes, insurance and interest on { 
capital investment exclusive of de- Hh Hee ee } Ht 

preciation (Cs above covers total a Sretet 
depreciation value in the formulas 


below). 
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The total cost of cable can be ex- 


° “awavae2, 
pressed as follows: 23 
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Cr4ana Rie 
Be susueenes 


Total Cost = Investment Costs + 
Cost of Power Loss 
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In terms of the above factors,  [Yeievears:)" 
this expression transforms to: Haat 
Ct pee 





Total Cost of L ft = Cs (1-+ AY)L+ | See 
a. - eee Pee 
















(1) 


. Seas Catt ae Figure 3—Total cost versus cable size curves (copper). Total cost per foot 
Let unit length of cable L = 1000 = C(1-+ AY) + 08756 R (-PY/E). Arrow indicates economic optimum. 


ft, then total cost per foot of cable 
can be expressed as: 


















‘5 od e re = , 5 
Total Cost/ft =a CaCl =- AY) 







rPY 
0.0876 Rs =) 






(2) 





When Cs = Cost per M ft of Cable S 
When Rs = Resistance per M ft of 
Cable S 


FPY : 2 : 

Let = Design Factor = DF 
Then Total Cost/ft = Cs (1+ AY) + 
0.0876 Rs (D.F.) (3) 


Operating Investment 
Cost Cost 


OPERATING COST PER FOOT - DOLLARS 
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For any one specific condition of op- f =. 
? r ~ c WILL rt t t T 
eration, I, P, Y and E are fixed val- ieee oa sataevetssssssesstzssstzesssassse 
ues. Thus the Design Factor can be ° 20 40 0 80 100 a ae ar ae So 
DESIGN FACTOR (I*PY/€)x id* 





easily calculated. Then, the dollar val- 
ue of the expression .0876 R, x DF Figure 4—Cable conductor power loss—cost. 
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Figure 5—Cable selection chart showing economic optimum cable size—costs. 


can be easily obtained from Figure 4 (Cable Conductor 
Power Loss-Costs) for appropriate cable sizes and for 
any values of the Design Factor. 

The dollar value of C,(1+ AY) will vary with 
the applicable cable price schedule and individual 
company accounting policy. The complexities intro- 
duced by possible variations in cable price schedule 
for various types of cable precludes further simplifi- 
cation of Equation 3 for universal application. On 
this basis, the economic optimum cable size is indi- 
cated by the C, and R, value for which Equation 3 
has a minimum value. This is determined by solving 
Equation 3 for the respective C, and R, values of the 
applicable sizes and inspecting the respective results 
for the minimum value. 

For a given price schedule, however, an optimum 
economic Cable Selection Chart can be formulated 
which evaluates all of the above factors and simpli- 
fies selection of the economic optimum. Based on 
Equation 3 such a chart is presented in Figure 5 for 
PE/PVC Copper Cable. This chart is based on rep- 
resentative cable costs per foot as indicated thereon. 
A Cable Selection Factor (Design Factor/I + AY) 
is employed. For any specific condition of operation, 
I?, P, Y, E and A have a specific value. Thus the 
value of the Cable Selection Factor can easily be cal- 
culated from 


__Design Factor _ 
—(I-F AY) 


C.S.F. = Cable Selection Factor 


(4) 
By locating this C.S.F. value on the horizontal axis, 
the economic optimum in cable size, the total cost 
per foot, the power cost per foot and investment costs 
per foot can be readily determined. The chart also 
provides an over-all picture of the variation of costs 
and optimum economic cable size (PE/PVC, copper) 
with the other factors discussed herein. 
Note: For typical price schedules, the cost vs re- 
sistance ratio of No. 2, No. 1 and 1/0 cable indicates 
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E(1-+ AY) 


No. 1 cable does not provide a minimum total cost, 
Therefore, it does not appear on Figure 5 which is 
based on economic considerations only. 

The cable size selected as the economic optimum 
should be analyzed for proper current carrying ca- 
pacity and voltage drop characteristics. 


Aluminum 

Aluminum as a conductor is now used extensively 
in many electrical applications. In many instances, 
its light weight and cost advantages have justified its 
use in preference to copper. The significant economic 
advantage of bare aluminum over bare copper nar- 
rows in direct burial cable price schedules. The AWG 
size of aluminum having the same resistance as cop- 
per is two AWG sizes greater (Cs.2,we) than the com- 
parable copper wire size (i.e., 3/0 aluminum is the resist- 
ance equivalent of 1/0 copper). The larger volume oi 
insulating materials required on the larger diameter 
aluminum cable is a factor in decreasing the price 
differential with respect to copper. 

The total cost economics of aluminum vs copper 
can be evaluated by the following ratio: 

Cs+2awe (aluminum) (1+ AY) + .08760 Rs X D.F. 
copper 
C, (copper) (1 + AY) + .08760 Rs X D.F. 
copper 





(5) 
The value of (.0876 R, * DF) can be obtained 
from Figure 4. 

The techniques that have been developed for 
application of aluminum to electrical systems has 
greatly expanded the use of aluminum as a metallic 
conductor and should be applicable to cathodic pro- 
tection. The dissimilar metal problems involved are 
well within the scope of corrosion engineering. Of 
course, the necessity of moisture-proof splices in the 
positive lead applies equally well to copper and alu- 
minum. The same precaution applies to the negative 
lead where aluminum is employed. If exposed, corro- 
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son of anodic aluminum in presence of a bond to 
steel could readily result in failure of the aluminum 
conductor particularly when the cathodic protection 
system is not in operation, 

A fused metal bond of aluminum to steel is more 
difficult to achieve than in the case of copper to steel. 
This difficulty can be circumvented by splicing 
short copper jumper to the aluminum at the pipe line 
termination using a suitable pressure connector or 
other similar methods. Again, moisture-proof splicing 
must be observed. 


PART 2 


In Part 1 of this paper, the requirements of a suit- 
able metallic conductor were discussed. Cathodic pro- 
tection installations usually involve direct burial of 
the cable in an electrolyte such as soil or water. An 
outer covering having suitable mechanical, electrical, 
chemical and electro-chemical characteristics must be 
provided for the entire conductor if adequate service 
life is to be achieved. 

Economics dictate selection of an outer covering 
and type of construction which will ensure adequate 
service life at minimum cost. This is achieved by 
careful selection of a cable construction that offers 
the best resistance to the exposures involved. 

To meet the typical exposures involved in cathodic 
protection, the cable construction must fulfill the fol- 
lowing requirements for successful application: 


a. The insulation must have adequate me- 
chanical properties to withstand the rigors 
of direct burial. 


b. The insulation must withstand the en- 
vironment for the expected life of the in- 
stallation. Contamination of the natural 
environment often greatly increases the 
severity of the exposure. 


c. The insulation must provide inherent 
moisture resistance. 


d. The insulation must withstand the con- 
stant stresses of de potentials in wet loca- 
tions. 


Cable Constructions 

Certain types of cable insulation are known to be 
especially suited for cathodic protection cables and 
others may be discounted for economic reasons. 
Clearly the premise that there is no such thing as a 
universal cable must be always kept in mind. 

A cable having a metallic sheath over the insula- 
tion, such as lead, protected by layers of jute, gal- 


TABLE 3—Physical and Accelerated Aging Requirements of 
Polyethylene Insulation 


| 


Typical 
| ASTM-D-1351 | Test Results 
| Requirements Polyethylene 
Tensile Strength, minimum psi.......... | 1400 | 2200 
Elongation at Rupture, minimum percent | 350 | 500 
— Air Oven Test at 100 + 1 C for 48 | 
hours: | 
Tensile Strength, minimum percent 
wnaged...... : 75 | 90 
Elongation at Rupture, ‘minimum. | 
percent unaged. ends Sisieraa ees | 75 | 90 
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vanized steel tapes, jute and asphaltic type materials 
will offer the maximum assurance that circuit diffi- 
culties will not develop through either mechanical 
damage, moisture, or chemical diffusion. It is, how- 
ever, a costly construction and cannot be justified in 
cathodic protection systems for that reason. 

Rubber-neoprene insulations or to a greater extent 
polyvinyl chloride resin, commonly called type TW, 
(hereafter referred to as PVC in this presentation) 
have found use chiefly because of their lower cost. 
Apparently constructions of this sort are giving rea- 
sonable service, however certain limitations to their 
use have lead to the development of a cable having 
definite advantages for most applications. 

A combination of polyethylene and PVC has been 
engineered, produced, thoroughly tested in all re- 
spects, and is now employed for this service. Poly- 
ethylene stands unchallanged as the best insulation 
for low voltage dec circuits in wet locations. The 
PVC sheath or protective jacket over the polyethyl- 
ene affords a barrier to injury of the insulation due 
to mechanical damage and other factors encountered 
in the environment which are discussed later. 

Figure 1 shows this two layer construction, with 
the polyethylene inner layer and the PVC outer 
sheath. The following discussion analyzes this con- 
struction with regard to the requirements for ca- 
thodic protection cable application. 


Mechanical Properties of Polyethylene—PVC Cable 


Mechanical considerations are paramount in ca- 
thodic protection cable particularly since they are 
generally single conductor constructions. A poly- 
ethylene insulated—PVC sheathed construction has 
the inherent mechanical strength to withstand the 
rigors of direct burial. The polyethylene can with- 
stand the necessary flexing without suffering dam- 
age. The PVC sheath protects the cable both during 
and after installation from the chafing, abrading, cut- 
ting and compressive forces that occur during back- 
filling. The PVC sheath also acts as a means of dis- 
tributing mechanical stress resulting from external 
pressures. 

The resistance of the completed cable to mechan- 
ical abuse can be estimated from the physical prop- 
erties of the insulation as shown in Table 3 and of 
the protective sheath as shown in Table 4. Acceler- 
ated aging tests are included in these tables since 


TABLE 4—Physical and Accelerated Aging Requirements of 
eee Chleride Shoot ee 


Typical 
ASTM-D-1047 | Test Results 
Requirements | PVC Sheath 
Tensile Strength, minimum psi... . 1500 2700 
Elongation at Rupture, minimum perc ent 100 275 
After Air Oven Test at 100 + 1 C for: 
days: 
Tensile Strength, minimum neneaes 
WRAMOE. 20 ccc sacs ‘ 80 100 
Elongation at Rupture, r minimum 
percent unaged.. ; ; 60 98 
Vertical Flame Test... vs passes 
Oil Immersion Test, SAE 20 oil, 70 + 
1 C for 4 hours: 
Tensile Strength, minimum percent 
URAME soa cee nw see as : 80 
Elongation at ee minimum 
percent unaged.. nal 60 
Tests not Specified: 
Tear Test, Ibs/inch 7 | 70 
Hardness, Shore A. es ma | 90 








































































































































































































































































































































































































































they are indicative of the effectiveness of the antioxi- 
dants and other stabilizers present. As shown in 
Table 3, the polyethylene insulation has tensile 
strength of 800 pounds per square inch in excess of 
that required by ASTM and 150 percent more elon- 
gation. Note that this insulation suffered only a 10 
percent loss in physical properties after 

The PVC sheath compound possesses tensile 
strength in excess of that required for ordinary 
sheathing purposes. This hard compound has excel- 
lent tear resistant properties necessary for direct 
burial. The sheath is self-extinguishing when exposed 
to flame both before and after the oil immersion test. 
Retention of 98 percent of its original elongation in- 
dicates the compound’s stability toward heat aging. 


aging. 


Polyethylene—PVC vs. Environment 

The environmental factors encountered in cathodic 
protection are complicated by the negative de poten- 
tials used. Moisture diffusion has been regarded for 
years as an osmotic occurrence’ and the accelerating 
effect of a unidirectional electrical field has been rec- 
ognized by physicists under terms as electro-osmosis 
and electrical endosmosis. Organic chemicals and 
other polar materials are also influenced by the con- 
stant de stress but to varying degrees. 

The inherent moisture resistance of polyethylene 
makes this material an almost ideal dielectric for ca- 
thodic protection cables. To demonstrate this inher- 
ent moisture resistance a comparison with other in- 
sulation types is desirable as shown in Table 5. This 
list is not by any means complete, but serves to show 
the superiority of polyethylene in water absorption 
characteristics. The results show polyethylene ab- 
sorbs six times less water than a PVC insulation, 
nine times less water than a particular butyl rubber 
insulation and 24 times less water than a particular 
GR-S synthetic rubber insulation. 

A study of the insulation resistance of the com- 
pleted cable after immersion in water for various 
lengths of time is desirable to access its ability to 
withstand service in wet locations. The test condi- 
tions were set at 50 + 1 C with 600 negative dc volts 
impressed on the conductors of each cable. The effect 
of these conditions on polyethylene, PVC, and a min- 
eral filled type R.H. cable are shown in Table 6. The 
insulation resistance of the polyethylene—PVC was 
virtually unaffected by this exposure. The wet loca- 
tion PVC insulation, on the other hand, shows a con- 
siderable loss in insulation resistance before stabili- 
zation occurred. If the plasticizers used in formulat- 
ing the PVC insulation were of the fatty acid ester 
type the insulation would fail under these conditions. 
There is the work of Leuchs? who in 1950 showed 


TABLE 5—Underwriters’ Laboratories’ Standards Mechanical 
Water Absorption Test 


| Milligram Increase per Square 


Type of Insulation Inch Surface Area Exposed 





MR Se Raul cis bk Gs Rech anneecanes 12.0 
Butyl oer atias ee | 4.5 
PVC Pa asec SEI oblate ven eS 3.0 
Polyet hy ater eee ager tee NEL 0.5 


Note: Insulation was exposed 7 days in water at 70 C. 
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that the choice of plasticizers for PVC influenced 
their water absorption characteristics. The R.H. type 
construction is not well suited for this application 
as demonstrated by the continued downward trend 
of the IR measurements, whereas direct contact with 
water, and by way of rationalization, 
moist earth have no 
of polyethylene. 
Chemical resistance is another demand on the in- 
sulation of a cathodic protection cable. It is well 
known that most synthetic rubbers, with the excep- 
tion of nitrile and polysulfide types, are not suitable 
for use in the presence of organic solvents, organic 
chemicals and petroleum. 
corrosion engineer is limited to either polyethylene 
or PVC, It is generally accepted that polyethylene 
and PVC are not appreciably degraded electrically by 
dilute mineral acids or fixed alkalies. Experience has 
shown that organic chemicals, such as acetic acid 
and butyric acid for example, have a particularly 
devastating effect on the insulation resistance of 
cable. Protracted tests in which cable has been im- 
mersed in a few of these damaging materials are 
shown in Table 7, These tests were made at 23 C 
with cables under 600 negative dc volts stress. The 


contact with 
effect on the electrical stability 


For economic reasons the 


data clearly show polyethylene’s superiority over 
PVC to the effects of such chemicals on electrical 
stability. 


PV C—Sheath 

Although PVC alone does not measure up to poly- 
ethylene with respect to electrical stability under con- 
ditions encountered in cathodic protection applica- 
tions, it does have many desirable properties as a 
protective sheath. Biaxially stressed polyethylene in 
contact with aromatic organic chemicals or surface 
active agents will stress crack. Here the PVC pre- 
vents these damaging agents from coming in direct 
contact with the polyethylene. 

Polyethylene cannot be made flame resistant with- 
out sacrificing some of its desirable physical and elec- 
trical properties. Therefore a PVC sheath imparts 
genuine flame resistant properties to the polyethyl- 
ene cable. The PVC sheath also protects the poly- 
ethylene from the effects of sunlight and weather 
where the cable is trained above ground. Therefore, 
the combination of the two makes a cathodic protec- 
tion cable with a wide latitude of application. Volume 
swell measurements are convenient for measuring 
the resistance of a sheathing material to corrosive 
conditions. In Table 8, the PVC sheath is compared 
with two common type sheathing materials. The 
neoprene and nitrile/PVC based sheath compounds 


TABLE 6—Electrical Stability of Insulation After Immersion in 














Tap Water 
| Type RH 

= Rubber Mineral 
Time | PVC | Filled Neoprene 
Original. . 3,700,000 22,000 79,600 
1 MN see Savas | 3,700,000 2,600 65,600 
Tis... 00s. | Infinity 3,000 15,000 
1 month... Infinity 1,600 9,800 
6 months... Infinity 1,600 | 4,300 

| 


| 











Note: Insulation resistance is in megohms/1000 feet. 


Water temperature 
was 50C and voltage was 600 negative dc volts. 
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are of a thermosetting variety which require vulcani- 
zation. Notice that the PVC sheath is generally more 
resistant to mineral acids, free alkali and petroleum 
products than the others shown. 


Special Construction 

Before moving on to the other considerations in 
this presentation another cable construction should 
be given attention. Occasionally insects, particularly 
ants or termites, will attack cable buried directly in 
the earth. Normally insects do not search out cables 
for food but where the cable crosses their normal do- 
main and their normal food supply has been removed 
or exhausted they will “eat” into the cable. The in- 
corporation of a metal barrier tape over the insula- 
tion and under the protective jacket will prevent 
cable failure from this source. 


Limitations of Polyethylene—PVC Combination 

Polyethylene and PVC are both thermoplastic ma- 
teritls and as such place a limitation with regard to 
the temperature at which they can successfully be 
applied. This combination of plastic materials should 
not be used in ambients which exceed 60 C. 

One other limitation concerns continuous contact 
with organic ketones, esters or aromatic solvents. 
These materials will destroy the effectiveness of the 
protective jacket and at ambient temperatures over 
60 C (140 F) will cause polyethylene to swell. 


Quality Control 

Certain precautions throughout the manufacturing 
process must be rigidly observed. Without proper 
quality control even the best covering materials will 
not provide the desired characteristics. It is essential 
that thorough mixing of insulating compounds with 
rigid quality control be maintained to ensure homo- 
geneity. Undispersed filler, antioxidant, or reinforc- 
ing ingredients will become the paths for rapid mois- 
ture diffusion. Freedom from local imperfections due 
to foreign matter in the insulation and freedom from 
mechanical damage to the insulation are most im- 
portant. 


Installation Techniques 
Installation technique plays a major role in the 
successful application of cable in direct burial. Re- 
gardless of the type cable buried undreground, ordi- 
nary precautions in its installation will extend cable 


TABLE 7—Polyethylene vs. ?olyviny! Chloride Insulation After 
ir:mersion in Chemicals 














POLYETHYLENE | PVC 
Reagent 1Day | 6Months | 1 Day. | 6 Months 
ee per eee rancenete: Ps senree fears 
WERE Sea. tear! 3,700,000 | 3,700,000 | 22,000 6,200 
1:1 Acetone/water........ 3,600,000 | 1,400,000 | * — 
1:3 Acetic Acid/water.....| 3,700,000 | 2,800,000 | 28,000 , = 
1:3 Butyric Acid/water....| 3,600,000 | 3,600,000 | 25,000 eK 
MORNE oc Ae ieds hs cin 3,600,000 | 1,400,000 | 31,000 | 2,500 
BONS < Sap BN ute nccor 120,000 280,000 3,500 | *##* 
SAE SO Oil. 5.0.0.0 ccceess- 100,000 140,000 3,300 | 1,900 
70,000 | 4,900 | 500 


Crade Piel Oils... . 0.56 120,000 














x Note: Insulation resistance is in megohms per 1000 feet. Temperature was 
23 C and voltage was 600 negative dc volts. 
* Dead leak in 1 day—acetone through to conductor. 
** Dead lead in 3 months. 
*** Dead leak in 1 week. 
**** Less than 10 megohms after 1 week. 
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life and prevent service interruptions caused by me- 
chanical damage. There are two basic principles 
which should be followed during installation: 


(a) Rocks and other rough material should 
be kept away from the cable. This will 
prevent bruising or deformation of the 
covering if extraordinary pressures de- 
velop. 

(b) Soft fill should be packed around the 
cable to improve heat dissipation. This 
will increase cable efficiency and pro- 
long its life. 


Normally a trench 24 inches deep will prevent the 
cable from being disturbed by plowing or surface 
digging. The use of a bedding of sand as a cushion 
is desirable. However, loosening the base of the 
trench and removing rock and other rough material 
will suffice. The cable should be permitted to “snake” 
slightly in the trench to allow slack when earth set- 
tles. If more than one cable is to be installed in a 
single trench, it is desirable to keep them separated 
uniformly with no cross-overs. After the cable is laid 
and before back filling, the cable should be covered 
with soft earth as a cushion. If disturbance of the 
cables by further digging not related to cable installa- 
tion is suspected then route markers should be em- 
ployed. A suitable gravel path or black hard top 
patches should be both economical and effective. The 
extent of the precautions may vary from one instal- 
lation to the next depending on the type of soil and 
the likelihood of disturbance. 


Requirements of a Good Splice 

The jointing and terminating of a cathodic protec- 
tion cable should receive careful attention. In view 
of the application involved, the primary considera- 
tions are that the conductors be firmly and securely 
connected together, and the covering over the con- 
nection be such as to prevent the entrance of mois- 
ture to the conductors. Mechanical or press applied 
connectors for copper conductors are recommended. 
In the case of aluminum conductors, press type alu- 
minum bodied connectors are best. 

Experience has shown that a splicing tape which 
is compatible with the insulation makes the best 
splice. For polyethylene insulated cables a fusion type 
polyethylene tape results in a joint which has elec- 
trical and moisture resistance similar to those of the 
insulation. A double layer of 14 lapped pressure sen- 
sitive vinyl tape should be applied over the poly- 
ethylene fusion tape for protective purposes. Hot 
dope or sealing compounds should be used with care 


TABLE 8—Volume Swell of Some Protective Sheath Compounds 
After 30 Days Immersion at 20C 








| 











| Percent Swell Percent Swell | Percent Swell 
Reagent PVC Neoprene | Nitrile/PVC 
Tap Water... ‘| 0 5.8 3.1 
HCI N/2...... | 4.0 4.3 | 8.0 
H2SO4N/2. 3.2 12.0 4.3 
NaOH N/2... ea 2'4 11:8 | 9.1 
HAC 25 percent....../} 0.8 2.5 | 11.1 
Ce | ee | —5.6 over 100 12.5 
SAE 30 Oil..... ; 1.6 28.2 | —4.5 
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since polyethylene becomes a viscous liquid when 
heated over 220 F. 

Epoxy resins or blends of these resins with various 
other materials such as polysulphide polymers re- 
sults in a material that is useful in making good 
waterproof splices in the field. 


Summary 


An optimum cable size exists for specific condi- 
tions of operation. The economic optimum in cable 
size depends upon the over-all factors which vary 
with the installation. A method and charts have been 
presented which simplifies selection of this economic 
optimum. A cable construction which makes use of 
a polyethylene insulation and a polyvinyl chloride 


sheathing compound has the best combination of 
properties for use in cathodic protection. This com. 
bination of thermoplastic materials offers the user g 
double covered cable which permits lower cost jp- 
stallations and reduced maintenance problems, Rigid 
quality control in the cable manufacturing process 
is essential if the full capabilities of these insulating 
materials are to be realized. 
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Of Gulf Coast Cooling Towers 


Of NACE Task Group T-5C-1‘°’ on 


Introduction 
ATA GATHERED from 16 Gulf 
Coast refineries and chemical 

plants have been evaluated in an effort 

to show the efficiency of water utiliza- 
tion and treatment under average con- 
ditions. 

A mathematical approach to the 
quantitative evaluation of the data ob- 
tained is described. 

Evaluation of the data indicates that 
the average refinery or chemical plant 
properly utilizes the quantity of water 
required for the removal of sensible 
heat. However, the sixteen plants (49 
cooling towers) involved spend a total 
of $407,000 annually for water treating 
chemicals. This consumption of water- 
treating chemicals appears to be exces- 
sive. 


Quantitative Treatment 
The methods used in making the cal- 
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TREATMENT: pH Control— 
Algae Control— 


Corrosion by Cooling Waters (South Central Region) 








TABLE 1—Data for An teins Gulf Coast drenesine Tower 


Abstract 


An evaluation is made of water utiliza- 
tion and treatment data submitted by some 
16 Gulf Coast refineries and chemical 
A Points considered in rating cooling 
towers include treatment efficiency, con- 
centration efficiency, water utilization ef- 
ficiency and economic efficiency. A mathe- 
matical approach to the quantitative evalu- 
ation of the data obtained is described. 
Evaluation of the data indicated that 
the average refinery or chemical plant was 
properly utilizing the quantity of water re- 
quired for the removal of sensible heat. It 
was found, however, that the average Gulf 
Coast cooling tower was operating well 
below optimum chemical efficiency. 4.6.4 


culations are best illustrated by example. 
The data derived from the question- 
naires, and pertinent to the calculations 
as exemplifying the average Gulf Coast 
cooling tower, are given in Table 1. The 
methods for computing costs in dollars 
per day and in dollars per billion BTU’s 
were given in a prior report. 

The data from Table 1 are used in 
the following illustrations: 





Assumed to be sulfuric acid 
Assumed to be chlorine 


Scale and Corrosion Control— Assumed to be one of the synergistic 


COST AND CONCENTRATION DATA: 





treatments 





: % ppm in ppm in 
Control | tb/Day | Unit Cost Cost/Day Feed | Cire. Water 
pH. Case ae 702 $0.01 $ 7.02 

Algae 2e inde 58 0.06 3.47 

Scale & Corrosion....... 99 0.18 17.82 20.6 115 


WATER USE: 
Circulation Rate 
BTU/day 
Delta T, degrees F 
Make-Up 
Evaporation 
Blowdown 


Concentration (Cycles 





WATER ANALYSIS: 





(ppm CaCOz 


Total Hardness 





21,000 gpm 
3.9 x 109 
15.4 

397 gpm 
326 gpm 

71 gpm 
5.6 


ms a - 
Circ. Water /| Max. Allowable 








35% 
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probably the most economical concen- treatment. However, in the main, a ref. In © 
tration for most recirculating waters. erence value of 60 ppm seems valid for operat 

. This presupposes that a suitable treat- most treatments operating at peak ef. ae 
ment has been found for the specific ficiency. optimt 
water involved. This value of 60 ppm : os age of 

ss holds for the polyphosphate-ferricya- Concentration Efficiency ever 
nide, polyphosphate-chromate and the The limit to which the circulating waste 

. fies glucosate treatments. It may not hold cooling water can be concentrated is taking 

g | true for the polyphosphate-organic or governed by the hardness of the water ducive 

S chromate-fluoride treatments. There is and its pH. Figure 1 shows the hard. 

& | ef not enough data available on these last ess values at which precipitation of Water 

: a. [ay two treatments to permit discussion calcium orthophosphates takes place for The 

3 | oe: ht co Oe ie ee with any reasonable degree of confi- any given pH in a system treated with down 

: | | et dence. : . molecularly dehydrated polyphosphates, multip 

: | rae The amount of treatment present in Jn _Other words, this is the point at down 

5 od Baer ee the circulating water can be calculated which sequestration breaks down. It js In 1 

oe tt by dividing the pounds of chemical pot desirable to carry the hardness of gpm < 
ey as es SE ie Ha fa } | added per day by the pounds of make- the circulating water higher than 70 percet 
ed up water times 10° and multiplying that percent of the value on the chart, This down 
ere et os quotient by the cycles of concentration. jis considered the maximum allowable 
| 1 
| a hardness value. 

| | | PPM = : 8 . Obvic 

rae ie The blowdown efficiency is the actual 1 
ze 2 a. of 6 é O 72 74 *7. 7.8 2.0 “i ‘ _ * r 

s 60 62 6 on ? 7% 76 (Lbs./day chemical X 10°) _, hardness of the circulating water di- a 
(Lbs./day Make-up water) X Cycles vided by the maximum allowable hard- mr 
Figure 1—pH values — hardness for phosphate he eer ness, multiplied by 100. This concept a 
COENEN Senet. In this illustration, 99 lbs/day of scale is a trifle awkward. Peak efficiency is se 
and corrosion treatment are used, 4.8 X 100 percent, and digression in either a 
oS oe 10° lbs/day of makeup water are added, direction is undesirable. An insufficient po 

Treatment Efficiency and the cycles of concentration are 5.6 blowdown leads to scaling and fouling aos 

An examination of the questionnaires (where the concentration is defined as of heat exchangers while an excessive a dj 
indicates that the plants do not utilize the ppm of chloride in the circulated blowdown constitutes a waste ot water cites 

acidic chemicals in excess of the amount water divided by the ppm of chlorides and chemicals. The convention de- up di 

required for their chosen method of in the make-up). Then scribed is used to keep the terms in 100 

treatment against scale and corrosion. 99/4.8 X 5.6 = 115 ppm mathematical harmony with the other 

Algae control is at the option of the Since 60 ppm of treatment is consid- concepts, although insufficient blow- 3s 

operators; it can be assumed that op- ered to be optimum, the treatment ef- down. gives greater than 100 percent Th 
erators are using only enough algae con- ficiency is 60 divided by the ppm in the efficiency. up ¥ 
trol chemicals to maintain their towers circulating water times 100 Assume for example that the circu- data 
in the condition they think best. _ : 60/115 X 100 = 52.5 percent lating water is being carried at a pH of Coast 
The questionnaire data plus discus- This represents the percent of the chem- 6.3, while the actual hardness is 355 effici 
sions with men responsible for water ical being utilized. ppm. Since the maximum allowable wate! 
treatment and with manufacturers’ rep- This is by way of example. Obviously, hardness is 500 ppm, the Concentration 
resentatives indicate that 60 ppm of individual operators may have their own Efficiency is Econ 
scale and corrosion control chemicals is ideas as to the efficacy they expect of a 355/500 X 100 = 71.0 percent It 
ways 
cals 
TABLE 2——Efficiency and Potential Savings Data for 37 Cooling Towers 
—— — = = — ——_ = — — = T — = — ] — — 
| | POTENTIAL SAVING, $/DAY POTENTIAL SAVING, $/10° BTU y 
| | - — | ——___—- ——— — 
| Treatment | Blowdown | _ Water Economic Potential | | Optimum Optimum 
| Efficiency Efficiency | Efficiency | Efficiency Water Optimum | Optimum | Treatment | Optimum | Optimum | Treatment Th 
Tower | (Percent) | (Percent) (Percent) | (Percent) | Savings | Blowdown Treatment |& Blowdown} Blowdown | Treatment |& Blowdown eke 
| 100+ 5.65 | 5 |lC Sir 5.00 | 5.00 effici 
100+ 55.31 | 55.31 | -— 3.59 | 3.59 plied 
42.1 19.81 | 35.45 0.40 1.46 2.61 si 
100.0 0.99 0.99 | — 0.99 0.99 dy 
| | 
1004+ 42.14 | — 1.85 | 1.85 0 
69.0 147 | 0.01 0.06 0.21 : 
100+ 2.97 — | i ] - econ 
25.5 8.17 | 2.19 .93 5. a 
84.5 — | 0.08 Re 0.30 treat 
— | | Pote 
1.34 3.17 0.20 | 1.60 | 3.77 Be 
3.14 12.18 0.38 | 0.55 1.74 of a 
~~ 7.00 0.28 —~ 1.00 fet 
3.04 15.51 1.41 1.10 | 5.52 mini 
| | ina dete 
0.90 15.44 | 1.04 0.16 3.28 ra 
1.40 | 5.17 | 1,27 | 1.16 4.32 
= 13.24 0.36 | — | 1.00 the 
" ta | a a — a ee eee ao ee tor ) 
ee 1.94 | 0.81 - 
62. 0 1.20 | 3.88 0.20 0.63 1.51 0 
| 
| 
68.6 2.19 | 5. 0.73 1.22 2.78 
10.0 1.00 | 5.26 1.32 0.91 4.97 
Z 41.0 4.74 0.13 0.65 
9.6 | | : 

“198 | 9.6 

19C | 9.6 | i 

20 43.3 65.5 30.62 | 41.01 | 134 | 5.47 | 6.74 I 

22 93.9 | | | oe 

23 100+ | 100+ sd ss ; sd i per 

— SS | = ‘a SS SS et a trea 

24 100+ | nee 

25 84.0 | tect 

—— = = — ——— ——— = ao for 
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In other words, the system could be 
operated at higher concentration. In 
some cases, 1t may be difficult to attain 
optimum concentration because of leak- 
age or wastage of cooling water. How- 
ever, operators must minimize such 
waste in the interests of economy while 
taking care not to set up conditions con- 
ducive to fouling or scaling. 


Water Utilization Efficiency 

The amount of water being blown 
down unnecessarily can be calculated by 
multiplying the blowdown by (1—blow- 
down efficiency/100). 

In this problem, the blowdown is 71 
gpm and the Blowdown Efficiency is 71 
percent. In this case, the excess of blow- 
down is 


71 gpm X (1—0.71) = 21 gpm 


Obviously, if the blowdown were al- 
ready insufficient, the “Blowdown Ef- 
ficiency” would be greater than 100 per- 
cent and there would be no excessive 
blowdown. 

The necessary make-up to a tower is 
the water evaporated in a tower for 
cooling purposes plus the blowdown 
necessary to prevent harmful build-up 
of dissolved solids. The efficiency of 
water utilization is the necessary make- 
up divided by the actual make-up times 
100 In this example, this is 


397—21/397 X 100 = 94.7 percent 


This represents the percent of make- 
up water being usefully utilized. The 
data indicate that the average Gulf 
Coast tower is working at near peak 
efficiency from the standpoint of proper 
water utilization. 


Economic Efficiency 

It can now be seen that there are two 
ways of wasting water-treating chemi- 
cals in operating a cooling tower: 

1. By using the chemicals in excess 
ot the necessary concentration. 
2.By blowing down the tower ex- 

cessively. 

The efficiency of the treatment chemi- 
cal utilization is the product of the two 
efficiencies, Treatment Efficiency multi- 
plied by Blowdown Efficiency divided 
by 100, or 

52.2 X 71/100 = 37.1 percent 


Obviously, a direct comparison of 
economic efficiency is possible only for 
treatments of equal cost or efficacy. 





Potential Savings 
Because the object of this, as well as 
of any corrosion survey, is to determine 
how to procure maximum protection for 
minimum money, an analysis is made to 
determine the potential savings for each 
tower or set of towers. Having selected 
the chemical treatment most suitable 
tor the water being used, three methods 
of operation are possible: 
1. Continue present 
ment and reduce 
optimum value. 
2.Continue present blowdown and 
reduce treatment rate to optimum 
value. 
.Operate at optimum treatment 
and optimum blowdown. 


rate of treat- 
blowdown to 


we 


The assumption is made here that no 
operator is consciously operating with 
treatment concentrations lower than 
necessary to attain his criterion of pro- 
tection. There seems to be a tendency 
lor operators to use higher concentra- 
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tions of scale and corrosion treating 
chemicals than are absolutely necessary. 

There is usually little tendency for 
an operator to condone insufficient blow- 
down, because the subsequent scaling 
and fouling will quickly make his heat 
exchangers inoperable. On the other 
hand, so-called “plant blowdown’”—the 
leakage or wastage of cooling water for 
other purposes—may be a real problem. 

In any event, the primary purpose of 
the operator must be to utilize his water 
to the utmost, while economically re- 
stricting scale and corrosion. 

The potential savings (expressed 
either as dollars per day or dollars per 
billion BTU’s) are 


1. At optimum blowdown 
TC— (TC X WE/100) 


2. At optimum treatment 
SC — (SC X TE/100) 


7 


on 





3. At optimum treatment plus blow- 
down 


(pH + A) — (pH + A) (WE/100) 
+SC— (SC X EE/100) 
where: 
TC is total cost 
pH is cost of pH control chemicals 


SC is cost of treatment chemicals 
against scale and corrosion 


A is cost of algae control chemicals 
WE is Efficiency of Water Utilization 
TE is Treatment Efficiency 
EE is Economic Efficiency 

The data derived in this fashion for 


37 cooling tower systems are given in 
Table 2. 


The calculations for the several ef- 
ficiencies and the potential savings, as 


TABLE 3—Efficiency Calculations for An Average Tower 





pH 


1. Cost/10® BTU _—_—— 
$1.80 


2. Treatment Efficiency: 


Algae S&C Total 
$0.89 $4.57 $7.26 


60 x 100/Present Treatment 


60/116 x 100 = 52.2 percent 


3. Blowdown Efficiency: 


Actual Hardness x 100/ Max. Allowable Hardness 


355/500 x 100 = 71.0 percent 


4. Potential Water Saving: 


Blowdown—(Blowdown Efficiency x Blowdown) 


71—(0.71 x 71) = 21 gpm 


5. Water Efficiency: 


Necessary Make-Up x 100/Actual Make-Up 


397—21/397 x 100 = 94.7 percent 


6. Economic Efficiency: 


POTENTIAL SAVINGS: 


Optimum Blowdown. . 
Optimum Treatment ya es 
Optimum Blowdown plus Treatment 


TABLE 4—Data for An Optimum Gulf Coast Cooling Tower 


TREATMENT: pH Control— 
Algae Control— 


Scale and Corrosion Control— 


Treatment Efficiency x Blowdown Efficiency/100 
52.2 x 71.0/100 = 37.1 percent 





$/Day $/10° BTU 
ee 1.46 0.24 
8.52 2.18 
11.77 3.03 


Assumed to be sulfuric acid 
Assumed to be chlorine 
Assumed to be one of the synergistic 








treatments 
COST AND CONCENTRATION DATA: 
| ppm in ppm in 
Control | tb/Day Unit Cost Cost/Day Feed Circ. Water 
WE aelessesks oe 665 $0.01 $6.65 
Algae aa : 55 0.06 | 3.12 
Scale and Corrosion 366 | 0.18 | 6.60 8.0 60.0 
$16.37 
WATER USE: k 
Circulation Rate 21,000 gpm 
BTU/Day 3.9 x 109 
Delta T, degrees F 15.4 
Make-Up 376 gpm 
Evaporation 326 gpm 
Blowdown 50 gpm 
Concentration (Cycles) 7.5 


WATER ANALYSIS: 


ppm CaCOs 
WE «0: 





Circ. Water 


500 500 
| 6.3 


Max. Allowable 


TABLE 5—Efficiency Calculations for An Optimum Tower 


Algae S&C Total 
$0.80 $1.70 $4.20 


60 x 100/present treatment 


60/60 x 100 = 100 Percent 


pH 
1. Cost/109 BTU _—_— 
$1.70 
2. Treatment Efficiency: 
3. Blowdown Efficiency: 
4. 


50—(1.00 


Water Efficiency: 


Actual Hardness x 100/Max. Allowable Hardness 
500/500 x 100 = 100 Percent 
Potential Water Saving: Blowdown—(Blowdown Efficiency x Blowdown) 
5 x 50) = 0 gpm 
Necessary Make-Up x 100/Actual Make-Up 


376/376 x 100 = 100 Percent 


6. Economic Efficiency: 


Treatment Efficiency x Blowdown Efficiency /100 


100 x 100/100 = 100 Percent 








POTENTIAL SAVINGS: Nil 
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applied to the average Gulf Coast cool- 
ing tower used as an example, are given 
in Table 3. 


Reasons for Excess Treatment 


There are a number of reasons why 
operators use more treatment or more 
blowdown than is necessary. All can be 
corrected. Whether or not correction is 
desirable or economical depends upon 
the individual situation. 

Some of the reasons might be as fol- 
lows. 

1. Contaminants in the feed water re- 
acting adversely with the treatment 
(e.g., ferrous ions reducing chro- 
mates). 

2.Contaminants from process leaks 
(e.g., hydrogen sulfide or organic 
materials reducing chromates). 
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3. Cascade operation of cooling towers 
(1.e., where water from one tower 
is used as make-up for another). 
If optimum treatment is maintained 
in the first tower, subsequent towers 
may be overtreated. 


4. Withdrawal of cooling water for 
other purposes (so-called “plant 
blowdown”’). This makes it difficult 
to maintain concentration cycles at 
optimum values. 


5. Overcaution on the part of the op- 
erators. “If a little treatment is 
good, then a whole lot of treatment 
is better.” 


By taking all these factors into con- 
sideration, the average Gulf Coast tower 
can be converted to operation under 
optimum conditions. This condition is 
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shown in Tables 4 and 5. Obviously 
this is also by way of example. For in. 
stance, not all waters permit operation 
at 7.5 cycles of concentration. 


Conclusions 

The average Gulf Coast cooling tower 
is operating well below optimum chemi- 
cal efficiency, as indicated by the data 
presented. Significant savings may be 
obtained by the use of engineering 
principles to obtain optimum cycles of 
concentration and proper water treat- 
ment. 


Reference 


1, Some Economic Data on Chemical Treatment 
of Gulf Coast Cooling Waters. Corrosion, 11, 
61 (1955) Nov. 
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Some Aspects of the Corrosion Processes of Iron, Copper 


And Aluminum in Ethylene Glycol Coolant Fluids 


* 


By P. F. THOMPSON“? and K. F. LORKING“ 


Introduction 


URING World War II considerable work was 
[) carried out? to find satisfactory corrosion inhibi- 
tors for glycol-water coolants in aircraft radiators. 
Phosphates? were widely used in this connection. 
This was because in the presence of phosphate, a 
more protective film was formed on the metal sur- 
face, thus slowing down the rate of corrosion. 

It was thought* that triethenolamine phosphate 
(referred to as TEAP) was added to glycol coolant 
fluids to provide a phosphate containing ion which 
was readily soluble in such fluids. These fluids were 
of low conductivity and dissolved inorganic salts 
with difficulty. For this reason early workers intro- 
duced TEAP into the glycol as a corrosion inhibitor. 
It was found that this compound acted as an efficient 
corrosion inhibitor for aluminum and Dural type 
alloys, and for various types of steel in heated glycol. 

Slepukhin* showed, however, that the presence of 
TEAP in glycol water solutions accelerated the for- 
mation and stabilized the solution of copper ions 
which otherwise would have been precipitated as hy- 
droxide or oxide. Some of the copper ions so formed 
migrated to aluminum surfaces, where deposition of 
copper took place. The surrounding aluminum cor- 
roded, and a galvanic couple between the deposited 
copper cathode and the aluminum was set up, accel- 
erating the corrosion of the baser metal. 

When the work reported in this paper was started, 
Slepukhin’s work was unknown here. Moreover, 
Thompson used a more fundamental method of ap- 
proach, which revealed the mechanisms of the corro- 
sion processes. 

For his experimental work on corrosion in glycol, 
Thompson* developed the microelectrode for meas- 
urement of corrosion potentials for corroding metals 
where oxygen ionization was the cathodic process. 
The potential of the metal surface was first measured 
when a steady reading was obtained in the aerated 
solution. This value was taken as the approximate 
unpolarized cathode potential. 

The metal surface was then abraded, first on emery 
paper then by silica powder, to remove the oxide 
film. Next the potential was measured in the de- 
aerated solution. Deaeration was accomplished by 
boiling and passing purified hydrogen through the 
solution. This potential was taken as the approxi- 
mate unpolarized anode potential. 


* Submitted for publication April 3, 1956. 
® Deceased. Formerly Scientific Officer, Aeronautical Research Lab- 
oratories, Department of Supply, Melbourne, Australia. 


@) Officer-in-Charge of Corrosion Laboratory, Aeronautical Research 
Laboratories, Department of Supply, Melbourne, Australia, 
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Abstract 


The corrosion potentials of aluminum, iron and cop- 
per, the principal metals in coolant systems, were 
measured in glycol-water solutions. The effect on 
the corrosion properties of these metals of the addi- 
tion of triethanolamine phosphate, formerly used as 
a corrosion inhibitor in glycol coolants, was studied. 
It was shown that the copper ions produced by cor- 
rosion of copper are stabilized by triethanolamine 
phosphate. The copper went into solution as a blue 
cuprammine complex, which remained stable until 
it reached iron or aluminum surfaces where it was 
deposited, causing localized corrosion. 4.4.3 


Some aspects of this work have been published 
previously.® 


Experimental 


Potential Measurements 


Micro-electrode. Electrodes with a surface area of 
approximately 0.05 sq mm were made by taking a 
length of wire composed of the metal being studied 
and sealing it into the end of a length of glass tubing. 
Care was taken to ensure a sound glass-metal seal. 
The end of the tube was ground to an angle of 45 
degrees. A rubber sleeve was then placed on the 
upper end of the tube and it was placed into a wider 
tube having a side arm for gas entry. The bottom of 
the second tube was ground level with that of the 


POTENTIOMETER 





rhe 
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Figure 1—Electrode vessel and microelectrode. 
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Figure 2—Temperature-potential curve for copper in glycol, showing 


the influence of aeration and deaeration on the potential of this metal. 
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Figure 3—Temperature-potential curve for copper in glycol containing 
TEAP. 


TABLE 1—Aeration and Deaeration Potentials as Registered on 
a Platinum Microelectrode 


























Aeration Deaeration 
Potential Potential 
LIQUID (Volts (SCE)) | (Volts (SCE)) 
1, Distilled water... .. +0.1 —0.5 
2. Pure glycol ( pH=7) ; eal a +0.1 to +0.3 —0.4 
3. Glycol with TEAP (pH= ph St 0.0 —0.5 
TABLE 2—Potentials of mene Microelectrode 
= a a = ===5 mr 
Aeration | Deaeration 
| Potential Potential 
LIQUID | (Volts (SCE)) | (Volts (SCE)) 
Pure giycol........6s. ze +0.2 0.11 
2 Technical glycol + o \P. pH=7 91 -0.15 -0.24 
3. Triethanolamine, pH= ere —0.42 —0.53 
TABLE 3—Potentials of Iron Microelectrode 
| Aeration | Deaeration 
| Potential | Potential 
LIQUID (Volts (SCE)) | (Volts (SCE)) 
1. 30% glycol, 70% water.. Ls : —0.2 | —0.75 
2. 30% glycol, 70% water + TEAP Fie —0.2 0.71 
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Figure 4—Time-potential curve for iron in 30/70 glycol. 7 is the 
hydrogen gas evolution overpotential on iron” in neutral solutions, 


electrode so that the metal surface could be reground 
without removing the inner tube (see Figure 1.) 


Measurement of pH Potential Characteristics of 
Electrolytes. A platinum microelectrode was used to 
make “redox” potential measurements of liquids. The 
full aeration and deaeration potentials of the liquid 
under study were measured; the pH of the liquid was 
also measured (see Table 1.) These results gave in- 
formation about the presence and nature of oxidizing 
agents in solution, and showed the maximum ¢a- 
thodic potential which could be obtained in the liquid. 
This value may be used as a qualitative measure of 
the standard of nobility or passivity of a metal sur- 
face. 

In the first measurements (Table 1) aeration and 
deaeration potentials were measured in distilled 
water, and pure glycol, collected at 179.5 C when 
glycol was fractionally distilled. The results show 
that oxygen is the significant oxidizing agent pres- 
ent. Hydrogen ions may become significant oxidizing 
agents for corrosion of aluminum if the oxide film is 
rendered unprotective.*® 


Measurement of Aeration and Deaeration Poten- 
tials in Glycol Solutions as Registered by Copper, 
Iron and Aluminum Electrodes. In these measure- 
ments the potential of the abraded metal surface 1s 
measured in the solution, and then air is bubbled 
through the solution until the electrode potential 
reaches its maximum positive value. The rate at 
which the potential increases is taken as a measure 
of film building rate on the metal surface. The max'- 
mum positive value that the potential reaches is re 
garded as approaching the unpolarized cathode po 
tential of the metal. The potential of the abraded 
metal surface in the fully deaerated solution is taken 
as the unpolarized anode potential. Complex ion for 


mation by cations prevents an oxide film from build- 
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Figure 5—Time-potential curve for aluminum in water. 7 is the 
hydrogen gas evolution overpotential at low current densities.” A higher 
value (0.5 volt) has been recorded by later workers.” 


TABLE 4—Potentials of Aluminum Microelectrode 





| Aeration Deaeration 
| Potential | Potential 
LIQUID | (Volts (SCE)) Volts (SCE)) 
1. Glycol aaa te a eee ee a earn | 0.0 | —0.5 
PL OS i |p 7," ga a | —0.05 —0.75 
3. 30% glycol, 70% water...... | —0.3 —1.00 


TABLE ee Loss of Test ee in oe 


Loss of 
| Weight, 
| (grams per 


CONDITIONS OF TEST | Specimen |square inch) 








1, Coupon placed in deaerated pure glycol at 170 
C for four hours, left in the deaerated glycol 








for two days after cooling to room tempe rature.| Copper 0.00013 
2, Coupon placed in cold aerated glycol with | 

aE 408 CWO ORUOS occ icecereuaeuns cnebet Copper 0. 001 

3, Coupon plz seed | in deaerated pure mie coll at 170 | 

for four hours, left in the deaerated glycol for 

MUI AGI hd os cn tcsimaea tk ecere aay wa ear els Iron 0.00012 
4, Experiment 31 “pec eated, with TEAP present in | 

BINOOLS i iis ce eo a ka eR RK eare Gans Iron 0.00006 
5. Coupon left in cold aerated ‘glycol with TE. AP. Iron 0.0008 


ing up on the metal surface, and may significantly 
lower the effective oxidizing power of the cations in 
solution. Both these effects tend to lower the elec- 
trode potential. 

Results for copper are set out in Table 2, and in 
Figures 2 and 3. 

The significant lowering of both aeration and de- 
aeration potentials by the TEAP indicates that cop- 
per ions form stable complex ions with TEAP. This 
is confirmed by the observation that glycol contain- 
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Figure 6—Ferric hydroxide films spreading from anodic pits. 





Figure 7—Ferric hydroxide films removed from iron surface. Dark spots 
are centers of primary corrosion caused by copper deposition. Light areas 
Gre areas of secondary corrosion, caused by differential aeration. 





Figure 8—Enlargement of area of primary corrosion shown in Figure 7. 


ing TEAP becomes blue on prolonged contact with 
copper, and the knowledge that TEAP is a substi- 
tuted ammonia compound. 

The potential of the iron electrode was then meas- 
ured in the glycol-water mixture used in coolant 
systems to determine the effect of the addition of 
TEAP to this solution on the corrosion potentials of 
iron. No significant alteration was noted in the 
aerated or deaerated solution when TEAP was added 
(see Table 3.) The time versus potential curve of 
iron in deaerated solution is given in Figure 4. 
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TABLE 6—Weight Loss of Test Coupons in Various Glycol-Containing Solutions 
| ae 
Potential of Coupon! Weight | 
Volts (SCE) Loss| 
——____|—_———_| (grams per | 
First | Stable | sq.inch | 
CONDITIONS OF TEST Day Value per day) | Remarks 
1. Aluminum in glycol + copper complex; deaerated| —0.43 | —0.31 0.00004 | No trace of copper deposition; coupon surface unmarked. 
2. Aluminum in glycol; deaerated.................. —0.16 —0.14 | 0.00006 | Coupon surface unmarked. a ae 
3. Copper in glycol + 1% TEAP, deaerated....... | —0.134 —0.134 | 0.0005 | Coupon surface clean and bright. - sill daieltainats a 
4. Copper in glycol + 2% TEAP, deaerated... | —0.16 | —0.16 | 0.0005 Coupon surface clean and bright. —— ae 
5. Copper in glycol + 2% TEAP, aerated.......... | =—ON6 | —0.14 | 0.00054 Patches of oxide visible in coupon surface. 7 ic 
6. Aluminum in 70% glycol 30% water + copper | —0.40 —0.39 | 0.00012 Copper deposited on aluminum the first day; hydrogen evolution fol 
complex, deaerated..... Sake wee ee ene | lowed, and continued until corrosion was inhibited by voluminous 
| white corrosion product. After 28 days all coloring due to copper 
| | in solution had vanished. On the second day, when the surface had 
| become largely covered with copper, but the amount of hydrogen 
| evolution was small, the potential rose to —0.22 volt (SCE), 
7. Aluminum in 70% glycol 30% water, deaerated..| —0.60 | —0.60 | Gains | = 
| | | 0.00002 | Coupon surface unchanged in appearance. 
8. Copper in 70/30 glycol + 2% TEAP, deaerated...| —0.15 ; —0.12 | 0.0005 Coupon surface clean and bright. a ea 
9. Copper in 70/30 glycol + 2% TEAP, aerated....| —0.12 —0.10 0.0002 Coupon surface covered by thin oxide film. an 


It was noted after the electrode had been standing 
in the aerated solution for several days, that the 
potential rose to +0.04 volt. This was due to film 
formation causing further passivation of the iron 
surface. 

The time potential curve for aluminum in water 
may be seen in Figure 5. It is known® that ammo- 
nium ions form sufficiently stable complex ions with 
copper to cause copper hydroxide to dissolve in 
ammonia, whereas iron and aluminum ions do not 
form such complexes. This explains the results in 
Tables 3 and 4 which show that the addition of 
TEAP does not cause significant lowering of the 
aeration or deaeration potentials for iron or alumi- 
num. The oxide free aluminum surface is sufficiently 
negative to corrode by hydrogen ion discharge® in 
neutral solutions, in the presence of glycol. From the 
latter results, it is evident* that when the oxide film 
formed on aluminum is not protective as in freshly 
formed fissures, or at the apex of a tunnel started by 
differential aeration—corrosion by hydrogen dis- 
charge may proceed indefinitely. 

Results of later work,”*° have led to the conclu- 
sion that the lack of protective power of the alumi- 
num oxide (or hydroxide) in pits formed in aluminum 
is due to the decreased pH in these regions caused 
by liberation of hydrogen ions during the formation 
of aluminum oxides and hydrated oxides. Evans?° 
considers that this mechanism of pH decrease oper- 
ates in cracks formed during intercrystalline corro- 
sion processes. When the pH at the bottom of the 
pits decreases to values of the order of 4, aluminum 
oxide becomes sufficiently soluble to lose its protec- 
tive powers. 

Some of Jacquet’s recent work" has shown that 
corrosion by hydrogen evolution also occurs in cracks 
in aluminum alloys in neutral aqueous solutions. 


Effect of Cuprammine Phosphate Complex on the 
Corrosion of Aluminum and Iron 


A quantity of glycol coolant containing the green- 
ish blue triethanolamine complex was obtained from 
a copper tube forming part of a corroded radiator. A 
series of corrosion tests were carried out on sheets of 
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aluminum and steel, by placing a drop of glycol- 
water mixture containing the cuprammine complex 
on the surface. A drop of glycol containing trietha- 
nolamine phosphate was placed alongside on a sepa- 
rate area of the same specimen. 


It was found that the glycol containing triethanola- 
mine phosphate alone did not cause corrosion. How- 
ever, the cuprammine complex was found to cause 
pitting corrosion on both aluminum and steel. On 
steel, copper deposition started corrosion of the iron, 
and oxygen present in the solution oxidized the fer- 
rous to ferric ions; the ferric ions were precipitated 
as a film of ferric hydroxide spreading over and away 
from the anodic areas. When the copper had all been 
deposited, the oxide film had grown sufficiently to 
shield some areas from oxygen, facilitating corrosion 
by differential aeration (see Figures 6, 7 and 8.) 


On the aluminum surface** copper was deposited 
as a black powder, usually on areas where the oxide 
film was damaged in some way and pits were formed 
at the center of the deposit. The protective oxide film 
which usually prevents significant corrosion of alu- 
minum did not form at the base of the pit, where 
slow hydrogen evolution had commenced before all 
the copper had been deposited. The hydrogen evolu- 
tion continued indefinitely, each bubble as it escaped 
from the pit pushing a quantity of gelatinous alu- 
minum hydroxide to the mouth of the pit. 


Rates of Corrosion of Iron, Copper, and Aluminum 
in Glycol and 70 Percent Glycol, 30 Percent Water 


It has been shown? that measurement of electrode 
potentials alone cannot give a reliable measure of 
corrosion rates. Therefore a series of weight loss 
with time measurements were carried out on alumi- 
num, copper and iron coupons placed in glycol and 
the glycol-water mixture. The results of the first 
tests made are given in Table 5. 

These results are in accord with the theory that 
the corrosion of copper is accelerated in the presence 
of TEAP, and that freshly distilled glycol is not a 
fluid which causes corrosion. However, when heated 
continuously as at radiator cooling surfaces, glycol 
becomes oxidized. On oxidation glycol forms gly- 
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collic acid and, finally oxalic acid. If these oxidation 
products are allowed to collect, the pH falls. A pH 
value of 4 has been observed, and it was found that 
corrosion of iron and zine occurred in radiator parts 
when glycol of this pH value was left in incompletely 
drained radiators where air could reach the corroding 
surfaces.’® 

Further experiments were made to determine dif- 
ferences in the rates of corrosion of the metals in 
glycol and 70 percent glycol 30 percent water mix- 
ture, and to determine the influence of the copper- 
triethanolamine phosphate complex on the corrosion 
of aluminum. Results are set out in Table 6. 

These results confirm earlier observations which 
indicated that the corrosion follows the deposition of 
copper on an aluminum surface; also that the corro- 
sion of copper is accelerated by the presence of TEAP. 


Conclusions 

1. The corrosion properties of aluminum, copper and 
iron in glycol and glycol-water mixtures are simi- 
lar to those in pure water, in that oxygen ioniza- 
tion is the main cathodic process in all cases. It has 
been shown that copper is not deposited onto an 
aluminum surface from the copper TEAP complex 
in pure glycol, while copper is deposited from this 
copper complex in glycol-water mixtures. 

TEAP causes accelerated corrosion of copper 
and stabilizes the copper cations formed so that 
they can migrate or diffuse through the glycol- 
water mixture used as a coolant liquid to alumi- 
num or iron surfaces, where copper is deposited, 
causing corrosion of both metals. Film formation 
over the anodic areas on iron may cause further 
corrosion by differential aeration, while once pits 
are formed in aluminum, corrosion by hydrogen 
ion discharge may proceed indefinitely. 
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2. Potential measurements of insulated microelec- 
trodes made as described in this paper, may be 
used to indicate approximate unpolarized anode 
and cathode potentials on the corroding metal, 
when oxygen ionization is the cathodic process. 

Variations in the values of these potentials 
caused by the addition of ions (or molecules) may 
give an indication of the mechanism of the action 
of these ions on the corrosion of the metal being 
studied. 
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An Explanation of “Pin-Holing” of 
Light Gauge Aluminum Cooking Utensils* 


By P. M. AZIZ 


Introduction 


NE OF the earliest commercial applications of 

aluminum was in the manufacture of cooking 
utensils where its performance generally has been 
satisfactory. In the case of light gauge cooking uten- 
sils, however, there have been infrequent cases of 
“pin-holing” due to rapid perforation by narrow 
cylindrical pits. Such “pin-holing” usually was found 
to occur after a few uses within periods as short as 
one week after purchase. Several such failures have 
been examined in this laboratory over a period of 
years and while no obvious explanation for this be- 
havior could be found at any time it was felt that 
they were the normal result of some fundamental 
variable not completely understood rather than the 
result of defective metal. This conclusion was reached 
because of the fact that the metal was homogeneous 
and fine grained with no foreign inclusions. 

In the course of studying a number of case his- 
tories it was noted that most had occurred when 
food of an acid nature had been prepared and then 
stored in the utensil. Since the nature of the environ- 
ment was a common denominator in many cases it 
was decided to investigate pitting rates in a variety 
of common acid foods. The corrosive influence of acid 
fruit juices on both cast and wrought aluminum 
cooking utensils has been studied by Poe and Cason? 
but they were interested in the general attack that 
took place at elevated temperatures and not in pitting. 


Experimental 


An adaptation of the individual pit current tech- 
nique of Mears and Brown? was employed. In brief, 
a 0.187 inch diameter disc of Alcan 2S alloy (US 
1100) with a pit in its center was punched from a 
previously pitted sheet. A copper lead wire was 
soldered to the back of the disc which was then 
mounted in a 0.3 inch diameter hole drilled in the 
side wall of a one quart cooking utensil of Alcan 2S 
alloy (US 1100) one inch up from the inside bottom. 
The pit bearing discs were insulated from the utensil 
wall by nylon sleeves; four such pits were mounted 
in each utensil equally spaced one from the other. 
Individual pit currents were measured with a direct 
current zero resistance milliammeter and a switching 
arrangement was used so that all pits were short- 


x Submitted for publication November 26, 1956. 
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Abstract 


The cause of pinholing or rapid perforation of light 
gauge aluminum cooking utensils has been studied 
by measuring the individual pit currents delivered 
by pitted discs mounted in the walls of cooking 
utensils. These currents, which are directly related 
to the pitting rate, were measured throughout the 
duration of the cooking cycle and the subsequent 
storage period. It was found that in some of the acid 
foods the steady state currents were more than ten 
times as great as in tap water and were large enough 
to account for the rapid perforation of light gauge 
cooking utensils sometimes observed in practice. 
Thus there is no reason to assume that defective 
metal had been used in these cases. It is recom- 
mended that foods of an acid nature should not be 
stored in aluminum utensils after cooking. 3.2.2 


circuited to the utensil wall except when the current 
was being measured. The composition of the 2S alu- 
minum is given in Table 1. 

The experiment was carried out by placing the 
food in the utensil shell, carrying it through the re- 
quired cooking cycle, if any, cooling to room tem- 
perature and then refrigerating at 3 C, if necessary, 
as in the case of the gelatine desserts. Individual pit 
current readings were taken throughout the entire 
procedure and were continued until the steady state 
was reached. In a few cases a steady state was not 
reached but rather the current reached a minimum 
after about three days and thereafter increased slowly. 

The experimental results are presented in Table 2. 
The first column gives the food tested, the second 
column the initial current reading on starting the 
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test, and the next column the steady state current. 
Each line in the table presents the date for a single 
food prepared in one shell and the current range for 
the four pits. In several cases duplicate tests were 
carried out and these are indicated by the numbers 
1 and 2. The results of tests carried out in Kingston 
tap water, are included for comparative purposes. In 
those cases where a minimum rather than a steady 
state current was obtained, the minimum current is 
recorded. 


Discussion of Results 


While the initial pit currents generated by con- 
tact with the foodstuffs were generally of the same 
order of magnitude as those generated in Kingston 
tap water, a medium known to be only mildly ag- 
gressive to aluminum, the long-term currents (after 
about 3 days) were generally much greater than in 
the tap water, often by more than a factor of ten. 
For example, steady state currents of about 2-3 ya 
have been observed in tap water, whereas in contact 
with the foodstuff, final currents as high as 37 ya 
(in pineapple) were observed. 


TABLE i—Composition of Alcan 2S (US 1100) Tested 











PERCENT COMPOSITION 
Cu | Fe | Si | Al (by Diff.) 


0.13 | 99.30 











TABLE 2—Individual Pit Currents in Microamperes 
Observed in Foods Tested 

















Initial Steady 
FOOD Current | State Current 
Gelatine Dessert: 
MME PON oN yop se) cided tro cml E. ee oR ees <3 2-8 
MM Ee ora iro we 93055. & Dec arolerd me Swe RE RES <3 3-12 
IEE ONE UD ora (oh ee eck was, SEH Ourew OES | 10-70 2-18 
RIMMED oy wr occaa’oecer ain oaterere lee odors 15-76 8-13 
NORE bres a5 fone igh Riedie Mu Ratios be ainetes 10-35 6-20 
me GY ses oid arcu Oates Oe eA Sle ae BAERS 28-60 1-23 
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Rena Oe ings OLY 60s, 2.05%. ididis.o.c.crdiacsleas oe 20-70 <2 
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ECT AOR 10-15 | 1-4 
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1 ESC) a 10-40 =| <3 
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MOORE ENED ICUS sraiuys.<iciacttvesle eos sccishe De wecererd 9-15 | <4 
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I icc oka abeds < ened ces 3-75 6-26 
MONEE OD so cats eeba bcos oseevees 10-250 | <2 
Chetries (2) ccc0 ev'sties és . <10 | <2 
Pineapple (1).......... =a oa 5-11 <3 
PE MIGAN oka d's Searchin ov okie vere | 7-70 | 0-5 
PRIDE SAUCE ORY 5 5. 5s'e cco ke cwteonwee 3-18 | <1 
PEPE REE (Boa etaic oa idialdss seinicmnates 10-80 <3 
MON pA os cack <a haceetie ee oukees 3-50 <2 
de | | 
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TABLE 3—Pitting Rates and Perforation Times Calculated From 
Faraday’s Law for Cylindrical Pits 











Calculated Time to Perforation 
of 0.020 inch Aluminum Sheet 


D Pit Calculated Rate of with a Pit Current of 10 Micro- 
lameter Penetration amperes 
seetacneeens SS 
| . : | 
0.5 mm 1.6 microns/micro amp/hour | 30 hours 
1.0 mm 0.6 microns/micro amp/hour | 83 hours 
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This will result in a large difference in pitting rate 
between the two types of media, since corrosion is 
directly proportional to current. 

The rate of penetration will, of course, depend 
on the shape of the pit and here again differences 
between the two types of media appear. In tap water 
a broad, comparatively shallow pit covered by a cap 
of corrosion product is formed, whereas in the acid 
foodstuffs pits are narrow-mouthed and free of corro- 
sion product. The pit may either maintain a cylindri- 
cal form or broaden somewhat as it deepens. There 
is no “honeycombing” of the surface by a series of 
small pits about the mouth of the original site of 
attack which merge to form a broad shallow crater, 
such as occurs in tap water. All the attack is con- 
centrated on a small area and the rate of penetration 
is rapid. 

The reason for this behavior can be found in the 
consistency and the chemical nature of the foods 
studied. They are all viscous or semi-solid and of an 
acid nature, owing to the presence of food acids such 
as citric acid. These two properties have a marked 
influence on the character and rate of attack. The 
high viscosity reduces the diffusion rate, and pre- 
vents the intermingling of acid anodic products and 
alkaline cathodic products of reaction, thus helping 
to maintain an alkaline environment over the local 
cathodes and an acid environment within the pit. 
The alkalinity of the catholyte prevents the thicken- 
ing of the protective oxide film over the unpitted 
portion of the surface and, since the attack is under 
cathodic control, the local action currents will be 
large. The food acids present are of the type which 
form soluble complexes with the aluminum ion. 
Hence, as pitting proceeds, aluminum passes into 
solution and reacts with the acid material present 
remaining in solution, so that no cap of corrosion 
product forms over the pit. In the presence of a cap 
of corrosion product, anodically produced acid is 
trapped in contact with the surface about the shoul- 
ders of the pit leading to the initiation of new pits, 
the honeycombing of the surface and cratering of the 
original pit as previously described. In the absence 
of corrosion product the attack remains highly local- 
ized and hence the rate of penetration is very rapid. 

Some idea of the order of magnitude of the rates 
of penetration can be calculated by assuming a ge- 
ometrical shape for the pit and the validity of 
Faraday’s Law. Thus, for cylindrical pits, a type 
frequently observed in cases of pin-holing, and for 
diameters ranging from 0.5-1 mm (a range of the 
right order of magnitude) calculated penetration 
rates are as given in Table 3. In addition, times to 
perforation of 0.020 inch sheet at an individual pit 
current of 10 wa are given. 

It has been the author’s experience that the “pin 
holing” of light-gauge cooking utensils generally oc- 
curs within a single period of use of about three days 
to a week. Comparing the data of Table 3 with those 
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of Table 2, one may see that the time-to-perforation no perforation problem in the use of light gauge 
observed in practice can be accounted for easily by aluminum cooking utensils. 
the measured individual pit currents and that no 


assumption of defective metal need be made. ei References — , 
1.C. F. Poe and J. H. Cason. The Effects of Sweetened ang 


These results indicate that foods of an acid nature Unsweetened Foods on Aluminum Cooking Utensils, Foo 
s Ss Cc d , £ Cnsus. food 


should not be stored in aluminum utensils after Technology, 5, No. 12, 490-92 (1951). 
° nore hs gh 2.R. H. Brown and R. B. Mears. Cathodic Protection. Trans 
cooking. If this precaution is taken, there should be Electrochem. Soc., 74, 495 (1938). 


Any discussions of this article not published above 
will appear in the December, 1957 issue. 








TECHNICAL PAPERS ON CORROSION WELCOMED 


Authors of technical papers on corrosion are invited to submit them for review without 
invitation to the Editor of Corrosion. Write for “Guide for the Preparation and Presenta- 
tion of Papers” sent free on request to prospective authors. 
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Chloride and Caustic Stress Corrosion 
Of Austenitic Stainless Steel in Hot Water and Steam” 


By W. LEE WILLIAMS'» 


Introduction 

TRESS CORROSION is the type of corrosive 
S attack that results from the combined effects of 
a tensile stress and a corrosive environment. The 
usual result is the formation of cracks which may 
destroy the usefulness of a material. 

Two types of stress-corrosion cracking are recog- 
nized in austenitic stainless steels. Intergranular 
cracking predominates in one, and transgranular 
cracking predominates in the other. 

The intergranular type apparently occurs y in 
sensitized steels which are subject to the well-known 
carbide-precipitation phenomenon. If the steel is sen- 
sitized, some attack probably will occur in the ab- 
sence of stress. But the presence of stress seems to 
accelerate the action. Intergranular attack can be 
controlled by suitable heat treatment or by the use 
of carbide-stabilized or extra-low-carbon steels. 

The transgranular type of attack is the more 
troublesome form of stress corrosion. It occurs only 
in the presence of stress, and unfortunately it cannot 
be controlled completely by heat treatment or steel 
composition. It is the transgranular form that is the 
subject of this paper. 

The discussion is centered on the stress-corrosion 
behavior of austenitic stainless steels in hot water 
and steam environments. The objective of the discus- 
sion is not to explain the basic mechanism of the 
stress-corrosion process. Instead, it is to define the 
environmental factors which govern stress-corrosion 
behavior in steam-water systems, and to indicate 
possible means for control of these factors. 

Interest in this subject has increased markedly in 
recent years, both in the Navy and in industry. The 
Navy’s interest was brought about through the 
greater use of austenitic steels in heat transfer equip- 
ment, especially that associated with nuclear propul- 
sion systems, nonmagnetic auxiliary boilers for mine 
sweepers, and superheaters for conventional high- 
temperature high-pressure boilers. 


Previous Work and Experience 
Harwood! has reviewed the various theories pro- 
posed to explain stress corrosion. No single theory 
explains all the known facts. But the electrochemical 
theory seems to fit in most cases, including the 


*® Reprinted trom a paper presented at Symposium on Basie and Applied 
Science in the Navy, sponsored by the Office of Naval Research, 
Washington, D. C., March 19-20, 1957. The symposium papers will be 
available from the Government Printing Office at a future date. 

“Head, Physical Metallurgy Branch, Metallurgy Laboratory, U. S. Naval 
Engineering Experiment Station, Annapolis, Maryland. 
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Abstract 
The various factors which affect transgranular stress 
corrosion of austenitic stainless steels in steam-hot 
water systems are discussed. The evidence indicates 
that complete solution of the problem cannot be 
guaranteed through control of the alloy composition 
and condition, or through control of temperature and 
stress level within practical limits. Control of such 
factors and attention to design can reduce stress- 
corrosion hazards, but complete elimination appar- 
ently requires treatment of the environment to render 
it noncorrosive. The most serious troubles are in 
the steam phase in areas where intermittent wetting 
and steaming can cause concentration of water 
solids. Stress corrosion from chlorides is shown 
to be dependent on oxygen content, and prevention 
of damage from this source may be obtained by 
limiting either the chloride level or the oxygen 
level. Stress corrosion from caustic solutions is not 
so well understood, but preliminary information in- 
dicates that the maintenance of a proper phosphate- 
caustic ratio may be a suitable preventive measure. 


3.5.8 


austenitic stainless steels. Recent work by Hoar and 
Hines,2"** Logan and Sherman,’ Edeleanu,® and 
others has filled in many details concerning the basic 
mechanism of the stress-corrosion process as it oc- 
curs in the austenitic steels. These basic studies have 
covered such points as time-potential measurements, 
film breakdown, crack initiation and crack propaga- 
tion. 

Recognition of the stress-corrosion problem with 
austenitic stainless steels is a relatively recent de- 
velopment, probably because early stress-corrosion 
failures were not recognized as such. Initial recogni- 
tion of the problem seems to have been in the petro- 
leum industry, where failures were observed in heat 
exchanger tubes, condenser tubes and pressure vessel 
linings. Since then, the list of failures has grown to 
include items ranging from coffee urns to many 
types of heavy industrial equipment. 

Industrial failures of stainless steel equipment 
have been attributed to a number of corrosive media, 
but by far the largest number have been traced to 
chlorides which were known or suspected to be pres- 
ent. Perhaps for this reason, the majority of labora- 
tory tests have used some type of chloride solution 
as the corrosive medium. 

Several publications’:***°" have cited failures of 
austenitic stainless steel equipment exposed to high 
temperature water or steam. A review of these fail- 
ures indicates that chlorides were present in all cases. 
In all cases, also, a condition existed that favored 
concentration of the chlorides in the region where 
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Figure 1—Basic stress-corrosion specimen used 
in the majority of the laboratory tests. Tie rod 
in U-bend specimen prevents springback. 


failure occurred. Thus, the existence of conditions 
favoring concentration may have been more impor- 
tant than the over-all composition of the water. 
Changes in design, construction or operating pro- 
cedures which eliminated or minimized concentration 
were successful mitigation measures. 

The Navy has had its share of similar failures, and 
enough have occurred to underscore the importance 
of the problem. A recent example described by 
Niederberger’? was the failure by stress corrosion of 
more than half the stainless steel tubes in a super- 
heater aboard a major combatant vessel. This failure 
occurred in less than a hundred steaming hours. 

Although most failures have been attributed to 
chlorides, caustic solutions have been blamed for 
stress corrosion of austenitic stainless steel in a few 
cases. In hot water or steam environments, Hoar and 
Hines® cited a case of cracking in 50 percent sodium 
hydroxide at 390 F, and Williams**® as early as 1946 
traced the failure of some austenitic steel turbine 
blades to caustic conditions. 

The appearance of a stress-corrosion crack is the 
same whether it resulted from chloride or caustic 
attack. Thus, it is possible that some service failures 
in steam-water environments were caused by caustic, 
although at the time, they were attributed to chlo- 
rides which were also present. 


Contributing Factors 

The stress corrosion of austenitic stainless steels 
is a complex affair, largely because of the abundance 
of interrelated factors which influence the stress- 
corrosion process. Space does not permit full discus- 
sion of those factors which are beyond the scope of 
this paper. However, brief mention of them is neces- 
sary for proper orientation and understanding of 
what is to follow. 

The composition of the steel is one of the factors 
which influences stress-corrosion behavior. Williams 
and Eckel,’® Edeleanu® and others have shown that 
some grades of austenitic stainless steels are more 
resistant than others. Some improvement is realized 
by increasing the nickel content to stabilize the 
austenite, and possibly also by using grades contain- 
ing molybdenum. However, regardless of composi- 
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tion, the entire family of austenitic stainless steels 
seems to be susceptible to stress-corrosion cracking, 

The condition of the steel as affected by rolling 
practice, heat treatment, microstructure and surface 
finish may have some influence. But control of stress 
corrosion is not possible by attention to these details 
alone. 

The magnitude of stress is certainly a major factor, 
and any reduction in stress is an important step to- 
ward reduction of the stress-corrosion hazard. How- 
ever, in environments highly conducive to stress 
corrosion, the stress necessary to cause cracking is 
so low as to be of academic rather than of practical 
importance. For example, Williams and Eckel’® have 
shown that statically applied stresses below 5,000 psi 
can cause failure of carefully annealed steel in certain 
boiler-water environments. Residual stresses from 
tube rolling, cold forming, welding, and even clean- 
ing with emery cloth, are sufficient to produce failure 
in similar environments. The stresses can be residual 
or applied; the steel itself recognizes no difference. 

Temperature is still another variable. The stress- 
corrosion process seems to be accelerated by tem- 
perature increases. However, there is considerable 
evidence to indicate that cracking is accomplished 
easily at temperatures down to at least the boiling 
point of water, and possibly lower. 

And finally, time should be mentioned as an im- 
portant factor. The time to initiate and propagate 
stress-corrosion cracks undoubtedly depends on the 
other variables. But failure can be very rapid under 
highly conducive conditions. For example, Williams 
and Eckel'® have reported failures of specimens 
within 20 minutes in 500 F steam, and Hoar and 
Hines* have shown that cracks propagate in boiling 
magnesium chloride solution at-a rate of 0.5 to 3 
mm /hour. 

The work of Hoar and Hines with magnesium 
chloride led to the conclusion that “it is unlikely that 
practical problems of stress-corrosion cracking of 
18-8 type chromium-nickel steels can be solved by 
attention to alloy composition, by heat, mechanical 
or surface treatments, or by minimizing applied 
stress.” A similar conclusion might be reached from 
the steam and hot water tests reported by Williams 
and Eckel. 

The implication of this conclusion is this: if an 
austenitic stainless steel is used in the construction 
of a steam-hot water system, there can be no guar- 
antee of complete freedom from stress corrosion 
through selection of the composition and condition 
of the steel, through reduction of residual and ap- 
plied stresses, or through temperature limitations. 
Control of these factors may discourage the disease 
and ease its pain, but it cannot be relied upon for 
complete immunization. 

Yet it is known from experience that only a por- 
tion of such equipment actually fails in service. The 
problem, then, is to define the environmental condi- 
tions which determine whether or not stress corro- 
sion is likely to be encounteed. 
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Figure 2—Stress-corrosion cracks in a longitu- 
dinal section through a tube-header joint of a 
stainless steel auxiliary boiler. 3X. 


Laboratory Investigation 
Procedure 

Most of the variables described in the previous 
section were investigated in the steam-hot water test 
program. But for the sake of simplicity, it can be 
assumed that these variables were held constant dur- 
ing that part of the experimental program which 
dealt with environmental factors. As a matter of 
record, however, the following conditions were rep- 
resented in the majority of the tests: 

(a) The specimens were made from an AISI Type 

347 stabilized austenitic stainless steel in the 
mill annealed, as-rolled condition. 

(b) The stress was beyond the yield strength to 

accelerate failure. 

(c) The temperature 

500 F. 
(d) The time of test was a maximum of about 
120 days or until failure, whichever came first. 

Most of the tests were conducted in electrically 
heated, stainless steel autoclaves. These were par- 
tially filled with water, so that specimens could be 
exposed in either the water or the vapor. Figure 1 
illustrates the type of specimen most commonly used. 
The tie rod was used to prevent elastic spring back 
and to ensure the presence of a high tensile stress 
on the outside of the bend. 

Waters of known composition, including oxygen 
content, were used as corrosive media. The oxygen 
contents mentioned in subsequent sections of this 
paper were those of the water prior to sealing and 
heating of the pressure vessels. Thus, the values do 
not represent the final distribution of the oxygen in 
the water and steam phases after the autoclaves 
reached operating temperature and pressure. 


of the environment was 
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Figure 3—Stress-corrosion cracks in a transverse section through the 
crevice area of a tube-header joint of a stainless steel auxiliary boiler. 6X. 


The water composition usually changed somewhat 
during the progress of a test. This was especially 
so of the oxygen content, and occasionally also of 
the pH. These changes were caused by reaction of 
the water with the specimens and pressure vessel. 
Only the initial water compositions are mentioned 
in this paper. 


Tests in High Purity Water and Steam 

High purity water is defined, in this case, as water 
having a total solids content of less than 1 ppm and 
a resistivity of at least 500,000 ohm-cm. 

Limited tests in high purity water and steam have 
not revealed a stress-corrosion problem with the 
structural grades of austenitic stainless steel that 
would be used for the fabrication of steam and hot 
water systems. Experience seems to substantiate 
these findings. 


Tests in Chloride-Bearing Water and Steam 


The introduction of chlorides to the water changes 
the situation radically. Autoclave tests at tempera- 
tures above the atmospheric boiling point have 
shown that stress corrosion can occur readily in 
specimens immersed in water containing a few ppm 
or more of chlorides. Specimens exposed in the steam 
phase apparently do not stress corrode if there is no 
agitation to splash the chloride water onto the 
specimens. If splashing does occur, specimens in the 
steam phase also fail, even after only one or two 
brief splashes. 

Similar autoclave tests have shown that alkaline- 
phosphate boiler-water treatment inhibits stress- 
corrosion cracking in the liquid-phase environment. 
3ut it does not produce inhibition in the steam phase 
when the specimens are splashed with the treated 
water. 

The inhibiting action in the liquid phase was con- 
firmed with hundreds of specimens exposed in var- 
ious waters containing chlorides up to several thou- 
sand ppm. Yet there have been service failures which 
would seem to contradict this finding. An explana- 
tion for the apparent anomaly is postulated by 
describing an actual service experience. 

(2) The water treatment referred to is that obtained by coordinated 


control, which aims at a fixed phosphate-pH ratio. The significance 
of this is covered later in the text. 
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Figure 4—Proposed relationship between chloride and oxygen content 

of alkaline-phosphate treated boiler water, and susceptibility to stress 

corrosion of austenitic stainless steel exposed to the steam phase with 
intermittent wetting. 


A certain design of stainless steel auxiliary boiler 


was developed for nonmagnetic mine sweepers. Boil- 
ers of this type failed consistently, both aboard ship 
and on test, within 1,000 steaming hours. The units 
operated at 260 F and 35 psi. Typical test-stand op- 
eration was with alkaline-phosphate treated water, 
2.5-3.5 epm alkalinity, and 530 ppm chlorides. De- 
spite the water treatment, waterside stress-corrosion 
cracks occurred in areas below the water level. 

These boilers were of the fire-tube type. Because 
of this, the water on the outside of the tubes had 
access to numerous crevice areas. The crevices were 
located at the tube-header joints (which were seal 
welded on the fireside), at the header-casing joints, 
and behind the backing ring on one of the welds in 
the furnace tube. The stress-corrosion cracks oc- 
curred only in these crevice areas. Figures 2 and 3 
are typical of cracked tube-header joints. 

It is apparently significant that the cracks oc- 
curred only in the waterside crevices and that the 
opposite surfaces were exposed to hot gases consid- 
erably above the boiler-water temperature. This 
water entered the 
crevices and flashed to steam, thereby concentrating 
the water solids and providing a steam-phase en- 


leads to the postulation that 


vironment in which the water-phase inhibitor was 
no longer effective. This explanation is consistent 
with the findings of the autoclave tests. 

A critical review indicated that similar circum- 
stances existed in a large majority of industrial 
equipment failures. Typically, the equipment in- 
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volved heat transfer with the hotter side opposite 
the waterside. Failures were most frequent in the 
upper portions of the equipment where steam might 
collect, and in local areas below the water level 
where steaming might occur. Crevice areas were 
particularly vulnerable. Cracks occasionally occurred 
just outside of crevice areas, but it is believed that 
in such cases the temperature gradient through the 
metal was great enough to cause steaming, not only 
inside the crevices, but also for a short distance out- 
side. Sludge and scale deposits have also been known 
to produce local hot spots and concentrating action, 

Tilt Test. The apparent importance of conditions 
favoring the wetting of and steaming from metal 
surfaces, and the concentration of chlorides thereon, 
led to an extensive series of special but simple 
autoclave tests which attempted to simulate these 
conditions. The specimens were mounted in the 
steam phase, which was held at the same tempera- 
ture as the water or with a few degrees of superheat. 
The specimens were wetted by momentary tilting of 
the pressure vessel. The wetting was done at differ- 
ent intervals, but the most common practice was to 
tilt the vessel twice each day. For obvious reasons, 
this test became known as the “tilt test,” and this 
name will be used in subsequent discussion. 

Many tilt tests were performed with water con- 
taining 50 ppm phosphate and a pH of 10.6. The 
chloride content was studied as a primary variable. 
These tests confirmed that the alkaline-phosphate 
treatment would not inhibit stress corrosion of the 
steam-phase specimens which were intermittently 
wetted. The tests also showed that the chloride con- 
tent of the water could be as low as 1 ppm and still 
cause stress-corrosion cracking. 

But the results obtained in the tilt tests were in- 
consistent. The inconsistency was finally resolved by 
recognizing that both oxygen and chloride had to be 
present if cracking were to occur. Edeleanu® later 
hinted at the same thing by noting an accelerating 
effect from oxidizing agents with specimens im- 
mersed in uninhibited chloride solutions. 


Plotting of Oxygen and Chloride Content. A pool- 
ing of data from the autoclave tests, by ignoring all 
variables except oxygen and chloride contents, led 
to construction of the graph shown in Figure 4. This 
graph is a scatter diagram in which the oxygen and 
chloride contents are plotted for the various test 
conditions, and in which the plotted points are coded 
to indicate failure or no failure. It is seen that a line 
can be roughed-in to divide the failures from the non- 
failures, except that mixed results occur at composi- 
tions close to the line. 

The implications from Figure 4 are: (1) both 
oxygen and chloride must be present for stress cor- 
rosion to occur, (2) high oxygen can be tolerated if 
the chloride is very low, and (3) high chloride can 
be tolerated if the oxygen is very low. A further 
implication is that austenitic stainless steel can be 
used in hot water-steam systems without chloride 
stress corrosion by suitable control of the water 


composition. 
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The practical aspects of these results were con- 
firmed by operation of two additional stainless steel 
auxiliary mine sweeper boilers. These were of the 
type previously described as having deteriorated 
badly in less than 1,000 steaming hours. 

One of the boilers was operated as before, with 
alkaline-phosphate treatment, 2.5-3.5 epm alkalinity, 
and 530 ppm chloride. But this time the oxygen was 
scavenged by maintaining a minimum of 100 ppm 
sulfite added as sodium sulfite. The boiler operated 
for more than 3,000 hours without the slightest evi- 
dence of stress-corrosion cracking. 

The other boiler was operated without oxygen 
control, but the initial feedwater was passed through 
an ion exchanger to reduce chlorides to about 0.1 
ppm. The water was not further treated. However, a 
closed system was used, and the water was main- 
tained at less than 10 micromhos. Subsequent exam- 
ination showed that this boiler was also free of 
stress-corrosion cracks. 

A result of this work has been the widespread 
acceptance of the need for maintaining strict control 
of oxygen and chloride. An example of practical 
application has been cited by Whirl and Buchanan" 
in describing plans for the Duquesne Light Com- 
pany’s nuclear power plant at Shippingport. The 
system is to incorporate special design features to 
eliminate dissolved oxygen in the boiler water during 
start up periods. Some form of oxygen scavenger will 
also be used during operation. Special drip basins 
and conductivity cells will be provided for immediate 
detection of chloride contamination from any inleak- 
age of the river water used for cooling. 


Tests in Caustic-Bearing Water and Steam 

The problem of caustic stress corrosion of aus- 
tenitic stainless steel is not so well understood as 
that of chloride stress corrosion. Chlorides seem to 
have been responsible for the majority of failures, 
and only recently have systematic studies been 
initiated on the effects of caustic on stainless steel in 
steam-hot water environments. 

It was stated earlier that alkaline-phosphate boiler- 
water treatment inhibits stress-corrosion cracking in 
water containing chlorides. It is believed that this 
treatment is safe for use with stainless steel only if 
the nature of the treatment aims at a suitable phos- 
phate-pH ratio to produce phosphate rather than 
caustic residues on evaporating surfaces. 

Figure 5, from Whirl and Purcell, defines the 
areas in which caustic and phosphate will occur on 
evaporating surfaces. When the pH and phosphate 
values intersect below the curve, the residue will be 
phosphate. Above the curve, free caustic will be 
present. 


Precision Control Treatment. One of the reasons, 
then, for interest in caustic stress corrosion is that 
some boiler water treatments are within the free- 
caustic area. The so-called “precision control” boiler 
Water treatment is an example. This treatment, which 
is Sometimes used in modern high pressure boilers, 
maintains a low phosphate level and a narrow, specific 
pH range as a means of preventing unfavorable 
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Figure 5—Relationship between pH and phos- 

phate concentration, defining areas of phos- 

phate versus free caustic residues on evaporat- 
ing surfaces. 


sludge formation. This treatment was used on the 
ship which experienced the superheater failure de- 
scribed by Niederberger.’* However, it was not 
known definitely that the failure was associated with 
caustic, although this was a definite possibility. 

Another reason for interest in caustic stress corro- 
sion lies in the use of liquid sodium or sodium-potas- 
sium alloys for cooling and heat exchanging in nu- 
clear power plants. Should leaks develop and lead 
to admixture with the water or steam, the reaction 
product would be a strong caustic. 

Laboratory autoclave tests were undertaken to 
learn more about the stress-corrosion behavior of 
stainless steels in caustic-bearing waters. The tests 
were made at 500 F. 

Initial experiments were made with both aerated 
and deaerated water containing 200 ppm phosphate 
and no chloride. Sodium hydroxide was added in 
varying amounts between 500 and 2,500 ppm. Tilt 
tests with these solutions produced no stress corro- 
sion of specimens exposed in either the liquid or 
vapor. Elimination of the phosphate then was tried. 
Again, no stress corrosion was observed. 

Further tilt tests were made with plain solutions 
containing 10,000, 50,000, and 100,000 ppm sodium 
hydroxide. No effects were observed at 10,000 ppm, 
and only minor cracking of the vapor-phase speci- 
mens was noted at 50,000 ppm. At 100,000 ppm, 
both the liquid and vapor-phase specimens failed 
from stress corrosion. 

The high concentration of caustic necessary to pro- 
duce stress-corrosion cracking of the austenitic 
stainless steel was of the same order of magnitude as 
that required to produce caustic embrittlement of 
low-alloy ferritic steels. It is reasonable to assume, 
then, that conditions which lead to the concentration 
of caustic in conventional boilers and associated 
equipment are likewise the conditions to be guarded 
against in stainless steel equipment. 

In early conventional boilers the main trouble 
spots were at riveted seams and other joints where 
very slow leakage left high local concentrations of 
caustic. Troubles at such locations are largely elim- 
inated by the use of welded drums and tube ends. 
However, other conditions can also exist to cause 
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Figure 6—Caustic concentration attainable in a 
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ing temperature of the main body of the water 
by AT. 


high concentrations, both in boilers and superheaters. 


Hall’® has described the method whereby boiler 
water solids are concentrated at the interface created 
by a steam bubble forming in contact with water 
and a heat-transfer surface. Similar effects occur 
in less localized areas when steam blankets form 
during film boiling. In modern boilers especially, 
where there is a high rate of heat input, the insulat- 
ing effects of the steam permit the heat transfer 
surfaces to be appreciably superheated with respect 
to the boiler water. 

Figure 6, which is adapted from Hall’s paper, 
shows that the temperature difference between the 
heat-transfer surface and the water controls the con- 
centration of caustic which can be obtained from a 
caustic solution. Hall’s work thus explains a mech- 
anism whereby caustic concentrations measurable in 
percentage can be obtained from an environment in 
which the average caustic content is measured only 
in parts per million. 

The curve shown in Figure 6 indicates that appre- 
ciable superheat is required to obtain the 5 to 10 
percent caustic concentration which seems to be 
necessary to produce stress corrosion of stainless steel. 
Under these circumstances, it is not surprising that 
the initial autoclave tilt tests failed to produce stress 
corrosion of the specimens when the caustic content 
of the water was 10,000 ppm and below. Apparently, 
the conventional apparatus, which was used so suc- 
cessfully in the study of chloride stress corrosion, did 
not have sufficient superheat of the vapor to result 
in caustic concentration. 

Current Tests. Tests currently under way at the 
Station are designed to confirm that specimens ex- 
posed in superheated steam can be made to stress 
corrode when wetted with low-caustic water. Prelim- 
inary tests have been successful, and, after further 
confirmation, a subsequent step will be to confirm 
that the failures can be prevented by maintaining a 
proper pH-phosphate ratio. 

It is obvious that the effect of superheat is differ- 
ent in the chloride and caustic stress-corrosion tests. 
This leads one to speculate on the reasons for the 
difference. 

In the chloride stress-corrosion experiments, the 
tilt test was designed to produce intermittent wetting 
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and “drying” of specimens exposed in the steam 
phase. But the amount of superheat of the steam 
Was never more than a few degrees Fahrenheit. 
Since other investigators have shown that the stress 
corrosion of stainless steel is an electrochemical phe- 
nomenon, it can be reasoned that the chlorides had 
to remain wet so that an electrolyte was present on 
the surface of the specimens. It follows that a high 
superheat may cause a greater concentration of 
chlorides, but if the superheat is sufficient to cause 
complete drying, the stress-corrosion action might 
well be stifled. Thus, it is possible that chloride 
stress-corrosion attack would be most severe at or 
near the dew point. 

In the case of caustic stress corrosion, it appears 
that a relatively high superheat is necessary to pro- 
duce the concentration of caustic required for stress- 
corrosion attack. This is reasonable, because even 
under superheat conditions the caustic is present as 
an electrolyte. Laboratory experiments have readily 
demonstrated the ease with which solid sodium hy- 
droxide can absorb water from a superheated steam 
environment. 

One other difference between caustic and chloride 
stress corrosion might be mentioned. Chloride stress 
corrosion does not occur in the absence of oxygen. 
In contrast, experiments to date indicate that dis- 
solved oxygen is not necessary for caustic stress 
corrosion to occur. 

Closure 


This paper has pointed to the need for extreme 
caution in the design and operation of equipment in 
which austenitic stainless steel is used in contact with 
high temperature water, and especially the steam 
phase of such water. Stainless steel is sensitive to 
stress-corrosion cracking in numerous hot water- 
steam environments that are common to naval and 
industrial equipment. 

Attention to design and fabrication details can be 
helpful. This would include keeping design stresses 
as low as possible, eliminating all possible crevice 
areas, using annealed carbide-stabilized steels, and 
using stress-relief treatments wherever possible. 
However, attention to these details alone is not suf- 
ficient to guarantee freedom from stress corrosion in 
some environments of practical interest. 

The best guarantee of freedom from stress corro- 
sion is obtained by rendering the environment non- 
corrosive. Chloride stress corrosion apparently can 
be inhibited in the liquid phase by suitable alkaline- 
phosphate water treatment. Chloride attack in vapor 
areas can be controlled by elimination of either the 
chloride or oxygen, but preferably both. Caustic 
stress corrosion apparently can be controlled by 
maintaining a suitable pH-phosphate ratio, but this 
point needs further verification. 

Additional work is needed to define more clearly 
the conditions under which stress corrosion of aus- 
tenitic stainless steels will or will not occur. Ad- 
ditional work also is needed in the study of effective 
chemical inhibitors. Other corrective aspects which 
might be worthy of investigation include protective 
coatings, cathodic protection, and shot peening to 
relieve residual tensile stresses. 
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Any discussions of this article not published above 
will appear in the December, 1957 issue. 


DISCUSSIONS ON TECHNICAL ARTICLES ARE SOLICITED 


Discussions on technical articles published in Corrosion 
will be accepted for review without invitation. Discus- 
sions must be constructive, accompanied by full sub- 
stantiation of fact in the form of tables, graphs or 


other representative data and be submitted in three 
typewritten copies. 

Authors of discussions are asked to supply one copy 
of figures suitable for reproduction and will be sent 
on request a copy of the NACE Outline for the Prep- 
aration and Presentation of Papers. 


Discussions will be reviewed by the editor of Corro- 
sion and will be sent to the author of the paper 
discussed for his replies, if any. Publication will be in 
the Technical Section with full credit to the authors 
together with replies. Discussions to papers presented 
at meetings of the association may be submitted in 
writing at the time of presentation or later by mail 
to the editorial offices of Corrosion, 1061 M & M 
Bldg., Houston 2, Texas. 
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Introduction 
ee CHEMICAL industry will prove to be one 
ol 


f the nation’s biggest and best customers of re- 
inforced polyester fabricators. This prediction is based 
on the many tested, tried and proven applications 
already in existence in the chemical processing in- 
dustry. In many instances reinforced plastics have 
proved themselves superior to metals and other ma- 
terials used to make equipment for containing cor- 
rosive chemicals. The potential uses are numerous. 

It is important that periodic reviews be made of 
the many uses of reinforced polyester resins in the 
chemical field. Continued developments will be re- 
warding both to the manufacturer and the end user. 
It is essential, too, that manufacturers readily reveal 
to the customer the new developments in the appli- 
cation of reinforced polyester resins. This will enable 
the customer to better evaluate the adaptability of 
the currently available resins to his specific require- 
ments. 

This paper will discuss two items: (1) some of 
the basic properties of reinforced polyesters which 
must be considered by designers and fabricators 
alike, and (2) some examples of actual plant instal- 
lations which will illustrate corrosion problems and 
the value of reinforced plastics in combating them. 

It should be emphasized first that the term “poly- 
ester resin” is a generic expression and represents a 
large variety of resins. Polyester resins, like phe- 
nolics, furanes and other thermosetting resins, can be 
and are formulated for special properties, such as 
heat resistance, electrical resistance, impact resist- 
ance, chemical resistance and fire retardancy. Gen- 
erally, except for comparison, this paper will be lim- 
ited to a discussion of polyester resins carefully se- 
lected and compounded for specific applications which 
have been tested and found most resistant to chem- 
ical solutions and gases. 

3efore reinforced plastic parts are fabricated to 
meet service conditions there are several points which 
must be carefully considered. They are: 

1. Type of resin to use. 
2. Type and form of reinforcement material. 


Ww 


. Ratio of resin to reinforcement. 


» 


3asic design to withstand stresses. It 
should be kept in mind that strength prop- 
erties of reinforced structures change rap- 
idly and appreciably when immersed in 


% Submitted for publication April 14, 1956. A paper presented at the 
Twelfth Annual Conference, National Association of Corrosion Engi- 
neers, New York, N. Y., March 12-16, 1956, 
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Abstract 


The use of reinforced polyester resins as a material 
of construction in the chemical industry is relatively 
new and is one which warrants periodic review. This 
paper discusses some of the basic properties of poly- 
esters which must be considered by designers and 
fabricators, and gives some examples of actual field 
installations. The use of reinforced polyester resins 
for alum evaporators, stacks, dryer trays, filter 
troughs, and filter press plates and frames are dis- 
cussed in detail. This detailed information is given 
so that other end users may evaluate this material 
for their specific requirements. 6.6.8 


chemical solutions at elevated tempera- 
tures. 
5. Method of fabrication of the part. 


It is not possible to define the one best formula 
based on the above considerations. Each fabricator 
has developed special techniques and formulations, 
using available materials which he deems to be en- 
tirely satisfactory for any installations. In effect re- 
inforced polyesters can be specifically compounded 
for each chemical environment. 

Testing and experience have revealed certain basic 
properties of reinforced polyesters which have a di- 
rect influence on the factors listed for design con- 
sideration. These apply generally to all reinforced 
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Figure |—Graph showing flexural strength of chemical resistant polyester 
resin reinforced with T-19 glass fiber mat panels '% inch thick. Flexural 
strength was determined on specimens immersed in water at 100 C. 


polyester structures. Most of these properties were 
obtained from tests made on reinforced polyester 
panels and test specimens. It might be assumed that 
reinforced structures would follow the same pattern 
under similar conditions. 

Castings of chemical resistant polyester resins 
without reinforcement have shown excellent resist- 
ance to corrosive solutions after several months’ ex- 
posure at temperatures as high as 212 F. Glass fiber 
reinforced panels made with the same resin and im- 
mersed in the same solution generally show some loss 
of strength in a relatively short time. Therefore, for 
purely chemical resistance considerations, the fabri- 
cators should maintain a maximum resin content in 
the structure. However, the glass fiber is necessary 
since it adds to the flexural and impact values of the 
resin, 

Almost without exception, the flexural strength of 
reinforced polyester resin laminates will decrease 
after a few days’ exposure in corrosive solutions at 
212 F, to approximately 45 percent of the initial 
strength measured in water at 212 F. This is shown 
by the results of immersion tests of typical panels, 
made with a chemical resistant polyester resin, in 
chemical solutions for long periods at 212 F (Fig- 
ure 1). It is emphasized that the flexural strengths 
were run on the specimen while immersed in water 
at 212 F and not at room temperature. After the in- 
itial drop, the strength remains constant on contin- 
ued exposure. 

It also has been determined by testing that a speci- 
men of cured nonreinforced polyester resin, when 
immersed in water at an elevated temperature of 
150 F and placed under stress, will deflect and soon 
rupture completely unless the load is held to a small 
percentage of the initial dry strength. This is shown 
in Figures 2 and 3. Investigations of this type indicate 
that a safe loading under these conditions may not 
exceed 20 to 25 percent of the initial dry strength. 
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Figure 2—Flexure testing deflection versus time for cast resin samples. 
Test shows static loading under water at 150 F. 
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Figure 3—Flexure testing deflection versus time for castings of a 
chemical resistant resin. Test shows static loading under water at 150 F. 


These facts are all important considerations for the 
designer. 

It should be recognized that glass fibers currently 
available for reinforcement are not resistant to hot 
acid and alkaline solutions. A sufficient number of 
tests have been made to conclude that these glass 
fibers are weakened by exposure to many acid solu- 
tions at a temperature of 180 F. In fact, after 48 hours 
at 180 F in 10 percent sulfuric acid, the fibers have no 
functional strength. This emphasizes the importance 
of protecting the surface fibers with resin. Resin gel 
coats are not generally used because of their tend- 
ency to craze. Glass fiber surfacing matte has shown 
improvement in some applications. 

The most positive information on which to base 
design and methods of fabrication is the performance 
of equipment already in operation. Some fabricators 
have had several years of experience and are in a 
position to make recommendations based on proven 
historical data. 


Evaporators—Digesters for Alum 
For many years alum evaporators have been con- 
structed of mild steel lined with a lead or mastic dia- 
phragm and several courses of acidproof brick. Al- 
though such linings serve their intended purpose, 
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Figure 4—Glass fiber reinforced polyester alum 

evaporator built for Cyanamid’s Mobile plant. 

Unit was 14’ 6” in diameter, 7’ 8” high and 

3g” thick. In 17 months more than 14,000 tons 
of alum were produced. 


they are not trouble-free. The weak point in this type 
of structure is the cement used to bond the brick in 
place. With the large variations in temperature oc- 
curring during a cycle, small cracks develop in the 
cement and seepage occurs. The pH of the alum solu- 
tion is 2.5 and the acid soon corrodes the steel shell 
when they come in contact. 

Engineering and Production desired a more satis- 
factory arrangement. Therefore, a search was made 
for a better material of construction. Since reinforced 
polyesters were gaining prominence in the chemical 
industry, they were included with the materials under 
test. Based on the promising results, a small glass- 
reinforced polyester tank was procured for pilot plant 
usage. A continuous run of one month’s duration 
proved successful. The evaporation cycle lasted six 
to eight hours during which time the temperature 
increased from 150 to 240 F. Two large evaporators 
were subsequently ordered for the company’s Mobile 
plant. The units were considered somewhat experi- 
mental in nature. 

Both units inciuding cover and stack were ordered 
from the same fabricator who used the hand layup 
method. The units were identical in size and shape 
(see Figure 4). They were 14 feet 6 inches in diam- 
eter, 7 feet 8 inches high and 3% inch thick. One unit 
utilized the pure resin plus glass reinforcing, while 
the other contained an added inert filler in the resin 
layer or gel coat adjacent to the mold. 

Unfortunately, only one of the evaporators was 
ever installed. The unfilled unit was destroyed by fire 
while enroute. 

The evaporator containing the added filler was 
placed in service on August 31, 1952. Within several 
weeks spalling began on the wall and bottom and in 
time the bottom plies rapidly separated. It was the 
general consensus that this undesirable condition 
probably was due to the presence of the filler in the 
innermost layer. In January 1953 attempts to patch 
the bottom with polyester were unsuccessful. After 
consultation with the fabricator, several patches of 
epoxy resin were tried and proven satisfactory. Sev- 
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Figure 5—Conical fume hood 34” thick and 8’ 

0” in diameter at base. Hood and polyester 

duct handle large volumes of hydrochloric acid 
vapors. 


eral leaks of the weeping variety defied all attempts 
at plugging. This indicated the presence of porous 
spots in walls and the tendency for the solution to 
enter at one spot and to emerge at another. Poor 
wetting of the glass by the resin was suspected as 
the cause of the trouble. 

In spite of the limited life of the first evaporator, 
the fabricator felt that the weaknesses in the struc- 
ture could be overcome by utilizing the newest devel- 
opments in materials and fabricating techniques. Sub- 
sequently, a smaller alum evaporator approximately 
6 feet 0 inches in diameter was made and has been 
in continuous service for nearly two years. None of 
the deficiencies in the first evaporator have become 
apparent in this second tank. A different resin formu- 
lation was used and the filled gel coat was eliminated. 
There are good prospects for long life of this tank in 
this rigorous service. 

As a replacement for the fire-destroyed unit, a sec- 
tional tank of pressure molded constructon was pur- 
chased and placed in service by January 15, 1953. In 
a matter of only a few days, blisters occurred on the 
interior surface. However, there was no peeling of 
these separations. The molded bolt strips began to 
fail after several weeks’ exposure with the result that 
the galvanized steel bolts suffered severe corrosion 
and failed. The same type of weeping leaks were ex- 
perienced. 

The plant manager in his report stated that “the 
application of polyester construction in alum plant 
service is basically sound but the technicalities of 
construction require further study by qualified 
people.” 

The enlightening experience with the evaporators 
lead to other channels of development. The same tub 
used in the evaporation tests was later utilized as an 
alum digester. After only ten batches using 98 per- 
cent sulfuric acid, all work was discontinued because 
the tub started to show signs of deterioration. There 
is, however, a brighter side to the picture. Test panels 
of reinforced polyester are presently installed as part 
of the cover on an alum digester at the company’s 
Warners works. To date the results are very prom- 
ising. 
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Stacks 


In the manufacture of alum, bauxite is digested in 
78 percent H,SO, at 105-110 C for 15 to 20 hours. 
The hot fumes and vapors evolved are very corrosive 
and troublesome. Late in 1953 a 24-inch diameter 
polyester stack was installed. The structure is self- 
supporting. It rises vertically for about 10 feet at 
which point it angles off at 45 degrees for another 
10 feet before it exits vertically through the roof. 
There is one steel suspension strap holding the diag- 
onal section. The unit has been maintenance free. Re- 
inforced polyester will be used on future installations. 

In the interest of preventing air pollution, it was 
necessary at the company’s Bound Brook plant to 
convey sulfuric acid mist and moist sulfur dioxide to 
a higher altitude whereat the prevailing winds would 
dilute and disperse the pollutants. Waste flue gases 
at 420 F were introduced into the mist stream in a 
mixing chamber. Mild steel was deemed unsatisfac- 
tory for the chamber and stack; lead bonded steel 
presented a weight and creep problem. Aluminum 
was the compromise choice. Within three months, 
leaks occurred in the hottest portion of the stack 
assembly. As a matter of expediency, a glass cloth 
reinforced furane resin stack was hand molded over 
an aluminum form. This temporary job lasted well 
over three years before cracking of the furane made 
replacement necessary. In the interim, repairs were 
made several times. 

Temperature measurements revealed that the ob- 
noxious gases at the center of the 36-inch diameter 
stack were 310 F but only 105 F one inch from the 
sidewall. These were lower than anticipated and 
polyesters were then considered feasible for this ap- 
plication. Price quotations on several suitable mate- 
rials revealed that reinforced polyester was the most 
economical; therefore, a reinforced polyester stack 
was secured and installed. After one year of contin- 
uous operation the results were gratifying. A fire 
in August of 1955 destroyed part of the assembly. 
The top 18 inches of the stack was cut off and the 
remainder is performing perfectly. The replacement 
unit has been put in storage. 


Ducts 

The most widely accepted use of reinforced poly- 
esters is in the form of ducts and duct systems. These 
are as varied as the people who design them. Each is 
specifically tailored for the job it is to perform (note 
fume hood in Figure 5). In most cases, the corrosive 
handled is air containing the contaminants in so 
dilute a concentration that they must be measured in 
parts per million. The only liquids that must be con- 
sidered are those that result from condensation and 
they can be minimized through the use of drains at 
the low spots. 

Reinforced polyesters were first used as patching 
materials on existing metal duct systems. A swatch 
of glass cloth was dipped into catalyzed resin, al- 
lowed to drain, patted into place over the leak, and 
then cured. Such a repair at best was only temporary 
because the adhesion was poor and the patch soon came 
loose. Thereafter, whenever maintenance had a prob- 
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lem of keeping an existing duct tight, a band of cat- 
alyzed resin and glass cloth was wrapped over the 
leak. In curing, the band shrank onto the duct and 
was held fast. This idea proved so successful that in 
several cases the old duct was used as a form for 
molding a reinforced polyester duct in place. Two 
layers of glass cloth were used. The first was spirally 
wrapped from left to right while the second was 
wrapped in the opposite direction. The metal duct 
hangers became an integral part of the system. Al- 
though not in perfect condition these ducts are still 
functioning today after three years of continuous 
service. 

This same system has been used to give additional 
structural strength and support to polyvinyl-chloride 
ducting which has sagged because of excessive tem- 
perature conditions. This technique plus the use of 
specially designed reinforced polyester ducts have 
solved many severe corrosive problems. The time and 
labor spent on repairing American Cyanamid’s many 
duct systems has been drastically reduced. This rein- 
forced plastic has become the closest thing the com- 
pany has to a universal material of construction for 
duct systems. The increased cost over mild steel may 
generally be justified on the lowered maintenance 
costs and the anticipated longer life. 

The company’s largest duct system to date has 
been installed at a pharmaceutical plant. The system 
design included slot-type hoods for the manhole 
openings of each of the many process units. Most of 
the duct was 8 inches in diameter with the main 
headers as large as 22 inches. Roughly 2,500 square 
feet of reinforced plastic were involved. 

In general, the ducts handle the fumes of hydro- 
chloric acid, butanol, triethylamine and Cellosolve. 
This very potent mixture corroded through galvan- 
ized iron having an air-dried phenolic coating in six 
months of continuous operation. Because of the high 
solvent content of the mixture and its potential fire 
hazard, a fire retardant as well as chemical resistant 
polyester was chosen for the job. The fabricator was 
requested to do as much shop work as possible so 
that the amount of field layups could be kept to a 
minimum. Field installation was done by the com- 
pany’s own men. 

The system cost was about $6.00 per square foot 
installed. This apparently high cost was attributed 
to the fact that the area of installation was exces- 
sively congested with piping. A figure of $5.00 per 
square foot has been used as a cost figure for most 
normal conditions. This system when designed in 
welded mild steel sheets and painted with three coats 
of chemical-resistant paint on both sides would have 
cost $2.50 a square foot. However, a service life of 
six months was not considered economically sound. 
After several preliminary difficulties the reinforced 
plastic has been in service 18 months without any 
maintenance. The anticipated life is five years or 
better. 

When a fire retardant resin is specified for a job, 
one must be certain that a properly compounded 
resin is supplied. It is possible for weld splatter or a 
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burning match to ignite regular chemical-resistant 
polyester. 
Dryer Trays 

The wide variety of products manufactured by the 
dye, pigment and pharmaceutical industries make it 
mandatory that some type of dryer tray be estab- 
lished as standard. The most economical, widely used 
and chemical-resistant material for this purpose up 
until a few years ago was enamelled steel. However, 
these trays had shortcomings. They were fragile, 
bulky and necessitated special handling. Frequently 
glass chips and the rust which formed over the ex- 
posed surface found their way into the product as a 
contaminant. This may be disastrous when product 
purity is of utmost importance. Therefore, a much 
better tray was sought. The search was futile until 
two years ago when several reinforced polyester trays 
were field tested. Hand-molded trays were eliminated 
early in the investigation because of the cost, non- 
uniformity and poorer quality. The pressure molded 
trays with the rim specially reinforced with a metal 
rod met the requirements of uniformity, smoothness 
of surface, ruggedness, versatility and low cost. One 
thousand glass matte reinforced trays of the best 
chemical-resistant polyester were molded to the com- 
pany’s specifications. 

At first, the trays were used with reluctance. The 
basic fears of the production people over something 
new had to be dispelled. Now, the big switch is on; 
more and more dryer trays are plastic. They are 
being used to replace not only the enamelled steel 
trays but also those made of steel, stainless, Monel 
and aluminum. 


After the initial cost of the mold has been absorbed, 
the price of the plastic tray is competitive. In lots of 
a thousand or more, reinforced polyester trays cost 
$4.35 each when packed in cartons of ten. Enamelled 
steel trays of the same size and shape average $4.86 
each. 

It has been estimated that $16,000 per year was 
spent for replacement purchases. This expenditure 
has been cut at least in half by this change in mate- 
rial of construction. No plastic trays have been re- 
placed. The new trays are more durable and can 
withstand rougher handling before damage occurs. 
Damaged trays may be easily repaired and returned 
to service. Moreover, because the trays are lighter, 
transportation, handling and storage costs are low- 
ered. In addition, the actual service life has been 
doubled and indications are that it may be tripled. 

It is impossible to name all the individual dyes and 
pigments which have been processed in these trays. 
As a rule any material which has a pH value less 
than 8 may be safely dried in polyester trays without 
any damaging effect to the plastic. When higher pH 
products are dried, the alkaline constituents tend to 
concentrate and then etch the surface of the tray; in 
time, complete disintegration can be expected. This 
was learned the hard way when a vat dye at pH 10 
was erroneously dehydrated in polyester trays. After 
five batches serious damage occurred to the plastic 
surface. 

The quality of final products has been vastly im- 
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proved over those produced on enamelled trays. The 
pharmaceutical shops have proceded more cautiously. 
They are investigating the use of polyester trays for 
the drying of crude drugs; they wish to ascertain 
product quality and make sure that no glass fibers 
will find their way into the final product. 


Filter Troughs 

Each filter press when in operation requires the 
use of either one or two troughs to carry away the 
filtrate. Polyesters have proven themselves superior 
in this varied service. Previously, it was necessary to 
use lead-lined wood troughs. The lead was extremely 
heavy and the wood was continually rotting away. 
Maintenance was burdensome. The first polyester 
troughs were about 9 inches square in cross section 
and from 10 to 20 feet long. They were constructed 
of %4.-inch sheet and light enough for one man to 
handle. Because of the continuous movement, me- 
chanical breaks occurred at the corners; therefore, 
future units were additionally reinforced with balsa 
in the rim. The latest revision calls for a V-shaped 
construction with a wide radius lip. Most of the com- 
pany’s presses are being so equipped. The production 
personnel are very enthusiastic. 

It is through these troughs that it has been pos- 
sible to gather valid field data on the chemical re- 
sistance of reinforced polyesters. The amount and 
variety of chemical compounds handled are very 
extensive. 


Filter Press Plates and Frames 

One of the latest challenges in the field of rein- 
forced polyester fabrication is the development of 
filter press plates and frames. Currently, no one 
manufacturer has gone into full scale production of 
these items. However, extensive field trials are under 
way.. Five sets of forty-two-inch plates and frames 
were obtained for installation in various presses 
handling dyes and dye intermediates at the Bound 
Brook plant. The plates with vertical groovings were 
one inch thick and weighed ninety pounds. The 
frames were one and three-quarter inches thick and 
weighed seventy pounds. All were pressure molded 
at 30 psi from a chemical-resistant resin and glass 
rovings. The feed to the presses consisted of an 
acid medium containing various organics at 80 C and 
45 psi. HCl, Ho.SO, and HNO; dominated. Toluene, 
mononitrobenzene and aniline were representative of 
the organics. The toughest situations were chosen 
for the field trials. In one case, the presently used 
pine plates and frames last only three months. 

After one week of continuous operation the frames 
started to fail. Investigation revealed that no resin 
deterioration or chemical attack had occurred. Me- 
chanical failure was evident. Numerous but random 
cracks were noticeable in the corners and along the 
vertical center line of the frame, but only one crack 
completely penetrated the structure. This crack was 
along the line of juncture where the two opposing 
streams of catalyzed resin and glass rovings met 
during the filling operation of the mold. This flow 
caused-fiber orientation in the direction of flow with 
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Figure 6—View of a 42” pressure molded polyester filter press plate. 

This experimental plate shows the random cracking experienced after 

one month’s service in a dye shop. Cracking was caused by unequal 
pressure of operation and locked in stresses. 


a vesulting weak spot at the juncture with no fiber 
rovings crossing or joining the two streams. There- 
fore, at the weld line there was an area which had 
no fiber reinforcement. The pressure applied when 
the press was closed and in operation plus the locked- 
in stresses apparently were great enough to crack 
and rupture the resin. Since it was imperative that 
the test be continued, repairs were made on an ex- 
perimental basis. A groove ™% inchx ™% inch x 8 inches 
was cut on the face of the frame and another on the 
top. The broken surfaces were painted with clear 
catalyzed resin and clamped to bond the two sec- 
tions. The grooves were partially filled with cata- 
lyzed resin and then glass rovings were tamped into 
place. All voids were filled and allowed to cure over- 
night. The surface was sanded smooth and the 
frame returned to service. This repaired frame did 
meritorious service for six months of continuous 
operation before failure occurred at some other spot. 

The plates were not fault-free. Cracking occurred 
along the vertical center line in a manner similar to 
those in the frame. The thinner center section cracked 
along the edge of the face where there was a radical 
change of thickness. The unequal pressure of opera- 
tion plus the locked-in stresses were responsible for 
the crazing and eventual failure. No repairs were 
attempted or contemplated although consideration 
has been given to a change in design wherein the 
center section would be additionally reinforced with 
several glass fiber rods for the full width of the 
plate. 

Ten more trial plates were obtained from another 
fabricator. The plates contained vertical grooves and 
were pressure molded at 100 psi from a chemical- 
resistant resin and glass rovings. Each unit weighed 
125 pounds and was one and a quarter inches thick. 
These plates were installed in the same presses as 
the others. To date there has been no chemical attack 
and only one mechanical failure of these units. The 
plates cracked and budged (See Figures 6 and 7). 
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Figure 7—View of other side of plate shown in Figure 6. 


The standard forty-two inch plate and frame of 
long-leaf yellow pine costs $57.00 complete. Impreg- 
nated wood is more expensive and costs $134.00. 
The price of polyester units are varied. The initial 
sets cost $231.00 or $142.00 for the plate and $89.00 
for the frame. This price did not include the neces- 
sary hardware or the cost of installing same. The 
second group of plates averaged $100 each. There- 
fore, the Production Department seeks an increased 
service life of four to six times that experienced with 
wood. All personnel concerned have been enthusias- 
tic over the gratifying results. After all production 
bottlenecks are eliminated and a good design avail- 
able, there will be considerable growth in the field. 


Miscellaneous 

There have been many other miscellaneous uses of 
reinforced polyesters in the chemical industry. Sheet 
stock is being widely used for the field fabrication of 
plastic liners for tote boxes. Plywood or other panel- 
ing is bolted onto a steel framework and then 1 inch 
thick polyester sheets are attached to the wood. The 
seams are butted and overlayed with glass cloth and 
resin. The entire interior is given a complete coating 
of chemical-resistant resin. After curing for 24 hours, 
the boxes are ready for conveying filter cake and 
other moist chemicals throughout the plant. Hop- 
pers and filter press beds have been lined in the 
same manner. They are economical, strong and more 
universally chemical resistant than the metals pre- 
viously used. They have been field fabricated by the 
Company’s Maintenance and Construction personnel 
with the minimum of supervision and training. 

Other examples could be discussed if space per- 
mitted. But be it sufficient to say that there are 
many excellent and successful applications. of rein- 
forced polyesters in the chemical industry. Tanks 
and other large structures have been purposely omit- 
ted (See Figures 8 and 9). It is not because none 
are in existence but because the time of exposure has 
been too short for inclusion in this paper. Several 
such structures have been in service for three months 
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Figure 8—An example of an early open top 

storage tank. Unit is fabricated of reinforced 

polyester with imbedded supporting rings of 
steel. 


with more contemplated and on order. The expe- 
rience and knowledge so gained will be the subject 
of another paper at some future date. However, there 
is one fact that has been learned. In the future, all 
of the company’s tanks will be constructed of clear 
resin, reinforced with glass fiber. With the use of 
natural or artificial light, the liquid level within the 
unit may be determined without the use of level 
gauges or sight glasses. The translucent quality of 
the resin makes it possible to eliminate these acces- 
sories. At the same time, one can determine the 
thin spots in wall thickness. Periodic visual exam- 
ination may be used to ascertain the soundness of 
the structure. Cracks and delamination affect the 
translucency of the plastic, and generally show up 
as dark spots. 


Conclusions 


Improvements in resin and fabrication techniques 
are certain to come if the manufacturers make use 
of their experience and concentrate on development. 
More elaborate and scientific tests must be developed 


Figure 9—A glass fiber reinforced fume scrub- 
ber with external stiffening rings and bottom 
support. Unit has a removable polyester cover. 


to study the basic structure of reinforced resins; 
more reliable and detailed physical data must be 
determined. These are necessary for sound design 
of larger and more complex structures. The tempera- 
ture limitation must be raised and the alkaline resis- 
tance improved for greater versatility. A great deal 
of progress already has been made. Fabricators are 
learning the importance of working closely with the 
end users. This results in the best possible equip- 
ment which will conform to the specifications which 
are gradually becoming more demanding and strin- 
gent. 


It is the experience of this user that he has had 
only a few failures due to actual chemical deteriora- 
tion of the glass fiber reinforced polyester. Most 
failures, real or potential, have been mechanical in 
nature. Certainly, advances will continue. The al- 
ready extensive use of polyesters and other plastics 
in the chemical and petroleum industry is only the 
beginning. Improvements can lead only to a greater 
demand. 


Any discussions of this article not published above 
will appear in the December, 1957 issue. 
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Chicago Underground Corrosion Group Joins T-7 





Principal Causes of 
Underground Structure 
Corrosion Cataloged 


The principal causes of underground 
structure corrosion, according to the 
Procedure For Conducting Under- 
sround Tests Task Group of Unit Com- 
mittee T-4D on Corrosion by Deicing 
Salts, include: 

1, Stray current 
tems. 

2. Use of dissimilar metals in under- 
ground construction. 
~ 3. Concentration 
aeration). 

4. Bacterial Activity. 

5. Alternating current electrolysis. 

Underground corrosion is basically a 
complex arrangement of electrochem- 
ical cells in which the size of the cor- 
roding areas may vary from minute 
areas to areas covering several thou- 
sands of feet depending upon the type 
of structure and the environment in 
which the structure is operating. Trans- 
fer of current from or to the structures 
through the surrounding soil or water 
electrolyte causes the corrosion process. 


All Metals Corrode 


from railway sys- 


Cells (differential 


In the areas of current discharge, 
anodic areas, corrosion of all metals 
occurs. Corrosion of lead and alumi- 


num also may occur under certain con- 
ditions where test data indicate the 
metals are in current pick-up areas 
(cathodic areas). Salt in soil or water 
greatly increases their conductivity and 
causes the transfer of larger amounts 
of current, thereby increasing corrosion 
rates, 

Electrolysis and corrosion tests are 
made on underground structures to de- 
termine the causes of corrosion that 
result in cable and pipe failure and to 
locate corrosion areas in anticipation 
of failure. The task group says that 
while such testing may be time con- 
suming, expensive and demand a high 
degree of technical skill it is necessary 
if control of corrosion is to be main- 
tained. 

Deicing Salt Is Problem 

Influence of deicing salt in increasing 
the intensity of current discharge at 
anodic areas is the basic problem con- 
ironting the corrosion engineer inter- 
ested in salt corrosion. The determina- 
tion, if possible, of the number and 
locations of the anodic areas and esti- 
mating the intensity of current dis- 
charge from measurements of corrosion 
currents, electrolyte resistivity, or me- 
tallic weight losses are involved in this 
problem. 

Based on experience with under- 
ground corrosion problems some méas- 
urements that are of value in deter- 
mining the adverse effects of deicing 
salts on underground structures have 
(Continued on Page 82) 





TECHNICAL COMMITTEE MEETINGS 
NOVEMBER 12, 1957 


NORTHEAST REGION MEETING 
Nov. 12-14, 1957 
Penn-Sheraton Hotel, Pittsburgh 








Morning 

T-2E Internal Corrosion of Products Pipe Lines 
and Tanks 

T-2K Prefabricated Plastic Film for Pipeline 
Coatings 


T-4B Corrosion of Cable Sheaths 

T-5A-5 Corrosion by Nitric Acid 

T-5D Plastic Materials of Construction 

T-6F Protective Interior Linings Application and 
Methods 





Afternoon 





T-3C Cost of Corrosion 

T-3H Tanker Corrosion 

T-5A-6 HF Corrosion 

T-6D Industrial Maintenance Painting 

T-7A Northeast Region Corrosion Coordinating 
Committee. 





General Picture of E. Texas 
Oilfield Corrosion Outlined 


A general picture of corrosion in the 
East Texas Oil Field is as follows: 

1. Most operating companies feel that 
corrosion in the East Texas Oil Field 
varies from mild to severe depending 
on water production and well location. 

2. All operating companies agree that 
downhole corrosion presents a problem 
that can be economically combatted 
with inhibitors. Although most opera- 
tors have not been treating in East 
Texas long enough to compile full eco- 
nomic studies, data indicate well main- 
tenance costs may be reduced from 60 
to 90 percent by use of inhibitors. 

3. Because a number of operators are 
still studying inhibition in the East 
Texas Field, there is a wide variation 
in the types of chemicals used and in 
the treatment schedules. Apparently, 
however, nearly all good commercial 
inhibitors have given effective inhibi- 
tion. 

This information was reported by 
East Texas Task Group of NACE Unit 
Committee T-1C on Sweet Oil Well 
Corrosion from replies to a question- 
naire designed to survey the current 
status of downhole corrosion in the 
East Texas Oil Field. 

Twelve companies who operate 
10,087 of the 19,817 wells in the East 
Texas Field participated in the ques- 
tionnaire. 

2 

A list of available reprint copies of 
technical reports and articles from Corro- 
SION is available on request. 

a 


More than 10,000 NACE Corrosion 
Abstract Cards have been published so far. 
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Group Organized 
In 1955 as Local 
Section Activity 


The Chicago Area Committee on 
Underground Corrosion has recently 
affiliated with the NACE Technical 
Group Committee T-7 Corrosion Co- 
ordinating Committee organization. The 
Chicago Area Committee will be under 


Unit Committee T-7B, North Central 
Region Corrosion Coordinating Com- 
mittee. 


Officers of the Chicago Area Com- 
mittee are: L. E. Nichols, Northern 
Illinois Gas Company, Chicago, chair- 
man; J. Svetlik, Northern Indiana Pub- 
lic Service Co., Hammond, Indiana, 
vice-chairman; M. D. Fletcher, Illinois, 
Bell Telephone Company, Chicago, sec- 
retary. 

The Chicago Area Committee was 
formed in mid 1955 and has been active 
since that time. Currently 41 members 
of the committee represent 35 compa- 
nies operating underground plant in the 
Chicago area. 

The committee was formed originally 
as a technical committee of the NACE 
Chicago local section. Until the organi- 
zation of Group Committee T-7 there 
was no existing technical committee 
with which the Chicago committee 
could be affiliated. With the advent of 
the T-7 organization the Chicago Area 
Committee decided to become affiliated 
with the North Central Region Unit 
Committee of T-7. 


North Central Corrosion 
Coordinating Committee 
Schedules Meeting 


Unit Committee T-7B North Central 
Region Corrosion Coordinating Com- 
mittee will meet during the North Cen- 
tral Region meeting 
in Chicago, Illinois, 
October 2-4. The 
meeting will be held 
at the Sherman 
Hotel. 

Paul C. Hoy of 
The Dayton Power 
& Light Company, 
Chairman of T-7B 
recently announced 
affiliation of the Chi- 
cago Area Under- 
ground Corrosion 

Hoy Committee with 
T-7B. Mr. Hoy explained that this was 
the first coordinating committee to af- 
filiate with the T-7B organization but 
indicated there is every likelihood sev- 
eral others also will in the near future. 
The meeting at Chicago will be devoted 
to discussion of coordinating commit- 
tee work and the role Unit Committee 
T-7B has in providing liaison and com- 
munication among coordinating com- 
mittees. 
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Bibliography of Corrosion 


Products Is Approved 


Section Two of the Unit Committee 
T-3B Bibliography of Corrosion Prod- 
ucts had been approved for publication. 
The section will be published in either 
the September or October issue of 
CORROSION. 

Section Two of the bibliography will 
contain bibliographies of corrosion 
products of aluminum, silver, magne- 
sium, lead and lead alloys and tin and 
tin alloys. 

\. H. Roebuck, Continental Oil Com- 
pany, Ponca City, Oklahoma, has an- 
nounced that section three of the bibli- 
ography is almost complete with the 
exception of the Bibliography of Corro- 
sion Products of Chromium. It is antici- 


pated Section Three will be ready for 
publication in an early 1958 issue of 
CORROSION. 


High Purity Water Papers 
Published in This Issue 


Five papers presented at the High 
Purity Water Symposium at the NACE 
Conference in St. Louis will be pub- 
lished as a report of the Unit Commit- 
tee T-3F in the September issue of 
CORROSION. The symposium at St. 
Louis was the third of a series of sym- 
posia on high purity water that the 
committee has sponsored since it was 
organized in 1954. 

A four symposium is being planned 
for the 1958 NACE Conference to be 
held in San Francisco next March. 

The papers to be published in the 


A ‘ 


U.S. PATENT NO, 2615077 


Tinker & Rasor Spring Electrodes for 
Faster Inspection of Pipe Coatings 


Have you tried these new T & R Semi Circle spring electrodes 
with arch supports? They are specially designed to give you faster 
inspection of the dielectric coatings on pipelines. Their half circle 
shape will fit snugly around one side of the pipe and cover top 
and bottom, yet there is nothing to unfasten when working around 
supporting skids and valves. Double sealed bearings in each elec- 
trode insure that it will roll as smoothly and fast as a man can 
walk. Dirt, moisture and even cleaning solvents cannot penetrate 
into the bearings. Springs are Cadmium plated to prevent corro- 
sion and are coiled from high-quality music wire. These electrodes 
are attached to a wand handle with a single bolt. Electrodes are 


made in sizes to fit diameters of %4 in.to 11% in., 


2:10:33: 4 


in., 6 in., and 8 in. Larger sizes—on request. 


DISTRIBUTORS: Remco Mfg. Co., Inc., P.O. Box 3005, Tulsa, Okla.; 
Crutcher-Rolfs-Cummings, Inc., P.O. Box 2073, Houston, Texas; Bob 
Herrick, P.O. Box 224, New Cumberland, Pa.; Falcon Line Products, Corp., 
715 Elizabeth Ave., Elizabeth, N. J.; Canadian Equipment Sales & Service 
Ltd., P.O. Box 4098, Edmonton, Aita. EXPORT DISTRIBUTOR: Frazar & 
Hansen, Ltd., 301 Clay St., San Francisco 11, Calif. 


KINKER & RASOFR 
417 Agostino Rd. (P. 0. Box 281), SAN GABRIEL, CALIFORNIA « ATlantic 7-7942 


Vol. 13 


September issue of CORROSION are 

as follows: 

Measurement of Corrosion Products jn 
High Temperature High Pressure 
Water Systems by A. A. Sugalski and 
S. L. Williams. 

Corrosion of Aluminum- Nickel Type 
Alloys in High Temperature Aque- 
ous Service by F. H. Krenz 

Corrosion of Aluminum in High Purity 
Water by J. M. Atwood and R, |. 
Lobsinger. : 

The Storage of High Purity Water by 
Richard R. Dlesk. 3 

Water Conditions for 
oilers by D. E. 


Fiss. 


; High Pressure 
Voyles and E, ¢. 


Principal Causes— 
(Continued From Page 81) 


been suggested. Tests on lead sheath 
cables include: 

. Measurement of millivolt drops on 
cable sheaths at the manholes to de- 
termine the gain or loss of current 
in the duct section. 

. Measurement of current discharge 
from or to cable sheath to a test elec- 
trode placed in a vacant duct close 
to the anodic area. 

. Measurement of resistance between 
cable sheath and a test electrode in 
a vacant duct. 

. Measurement of resistivity or salt 
content of mud and water in the man- 
hole. 


Weight Loss Coupons Suggested 

For tests on distribution transformer, 
measurement of weight loss of a coupon 
attached to the transformer tank or 
other manhole equipment is suggested. 
For tests on buried pipes measurment 
of resistivity of soil at pipe level is 
suggested. 

Corrosion of lead or aluminum may 
be caused by cathodic current under 
certain conditions. Such corrosion has 
been reported to be the cause of corro- 
sion on cables at points near street 
railway switches kept in operating con- 
dition by the use of deicing salt. Test 
methods suggested by the task group 
to determine presence of cathodic cor- 
rosion is the duct survey. The result 
of duct surveys made to investigate ca- 
thodic corrosion under cathodic condi- 
tions have been reported in the trans- 
actions of the Electro-Chemical Society 
Volume 87, Page 89-102, 1945. 

Most corrosion engineers are aware 
of the possibility of corrosion caused by 
alternating currents. Although the cir- 
cumstances under which corrosion oc- 
curs are not completely clear it is be- 
lieved that the intensity of current flow 
at the electrode surface probably is an 
important factor in the rate of attack. 
For a given ac or dc potential the in- 
tensity of current flow would depend 
directly on the salt concentration. Thus 
salt concentration should be kept as low 
as possible to reduce the rate of corrosion. 


Plastic Roofing Materials 
Discussion Is Scheduled 


“Plastic Materials for Roof Construc- 
tion,” is the theme of a September 17-18 
meeting of the Plastics Study Group ot 
the Building Research Institute at 
Washington University, St. Louis. Costs 
of completed field installations of plas- 
tics used as vapor barriers, insulation, 
flashing, surfacing and skylights will be 
given, 
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A. B. Campbell 


T. J. Hull to Assume 
Post; R. W. Huff 
Will Be Assistant 


T. J. Hull, now assistant executive 
secretary of the National Association 
of Corrosion Engineers, will become ex- 





Hull Huff 


ecutive secretary upon retirement of 
A. B. Campbell. Mr. Hull, a native of 
Harlingen, Texas was educated at the 
United States Naval Academy, Annap- 
olis, Md. and the University of Hous- 
ton, from which he received a BS in 
mechanical engineering. 

During World War II Mr. Hull spent 
seven years in the navy. 

He is married and has two children. 
His principal sports are golf and tennis 
and he is active in church work as a 
member of the official board of the 
Park Place Methodist church. 

R. W. Huff, Jr., a graduate of Texas 
Agricultural and Mechanical College 
with a BS degree in chemical engineer- 
ing, was born in Houston. He is a vet- 
eran of World War II service in the 
air force. Mr. Huff will become assist- 
ant executive secretary in April 1958. 

He is married and has one child. His 
principal hobby is golf. 


Nee Named South Central 
Region Trustee-at-Large 


John W. Nee, vice-president in charge 
of development and production for Briner 
Paint Manufacturing 
Co, Corpus Christi 
has been named trus- 
tee-at-large for South 
Central Region, re- 
placing J. E. Loeffler. 
Mr. Nee, an NACE 
member since 1947, 
formerly was _ chair- 
man of the region. 

Mr. Nee, who has 
been an officer in 
Corpus Christi Sec- 
tion, has been active 
in both section and 
region affairs. He is 
in demand as a 
speaker on technical subjects related to 
Paint and paint application methods. 





Will Retire on April 1, 1958 


A. B. CAMPBELL 


Executive secretary of the National Associa- 
tion of Corrosion Engineers, who retires effec- 
tive April 1, 1958. At the time of his retirement 
Mr. Campbell will have served NACE 1112 
years as executive secretary. Mr. and Mrs. 
Campbell are known affectionately to thous- 
ands of present and former members of the 
association in the United States and abroad. 


Miami Section Plans 
Four Day Meeting 
At Key Biscayne 


A four-day meeting at Key Biscayne 
Hotel, Key Biscayne, Fla., is scheduled 
November 13-16 by Miami Section. The 
section plans to have a program of 
formal technical papers and a corrosion 
control short course. Ten speakers have 
been scheduled so far. 

Forty members of the section at- 
tended the June 7 evening social and 
meeting at the officers’ club of the 
United States Air Force Miami base. 
Col. G. R. Montgomery of the air 
force was guest speaker. 


Six Speakers Selected for 
Short Course in Florida 


Six speakers have been obtained for 
the scheduled short course to be held 
November 12-15 at Key Biscayne, Fla. 
under auspices of Miami Section NACE. 
The speakers are: J. B. Prime, Jr. and 
E. Tilton, Florida Power & Light Co., 
Miami; Henry T. Payne, Chemical Engi- 
neering Dept. and Sigmund Miller, Ma- 
rine Laboratory, University of Florida; 
Raymond F. Hadley, Sun Oil Pipe Line 
Co., Philadelphia and Wayne Broyles, 
Brance-Krachy Co., Inc., Houston. 


83 


Executive Secretary 
Joined NACE Staff 
On October 7, 1946 


A. B. Campbell, executive secretary 
of the National Association of Corro- 
sion Engineers since October 7, 1946, 
will retire effective April 1, 1958. W. H. 
Stewart, Sun Pipe Line Co., Beaumont, 
NACE president, in making the an- 
nouncement said the association’s exec- 
utive committee will avail itself of Mr. 
Campbell’s advice and aid from time to 
time as a consultant on operational 
problems. 

In the interim the newly created post 
of assistant executive secretary has been 
filled by T. J. Hull so he can acquaint 
himself with the association’s operations 
before assuming the post of executive 
secretary on Mr. Campbell’s retirement. 
Mr. Hull, who joined NACE in Febru- 
ary, 1952, handled activities of the asso- 
ciation’s regions and sections during 
his first two years and then took over 
the details involved in operation of the 
technical committees. 

R. W. Huff, Jr., who also joined 
NACE in 1952, will become assistant 
executive secretary in April. Mr. Huff 
has been handling administrative de- 
tails in connection with some phases of 
the association’s business, especially in 
connection with region and section op- 
erations. He also is charged with central 
office functions in connection with ex- 
hibitions sponsored by the association. 

Mr. Campbell, whose tenure began 
when NACE had 870 members, brought 
to his post, 20 years’ experience in asso- 
ciation work on the staff of National 
Electric Light Association and the Edi- 
son Electric Institute. 

A graduate in electrical engineering 
from University of Illinois, Mr. Camp- 
pell also has a professional degree of 
electrical engineering from that school. 
From 1915 to 1920 he was on the 
faculty of the Engineering Extension 
Department of Iowa State College and 
from 1920 to 1923 he was electrical en- 
gineer on the lowa Board of Railroad 
Commissioners. When he joined NACE 
Mr. Campbell had been Eastern repre- 
sentative of Hughes Brothers for two 
years. 

Mr. Campbell, who has been a steady 
proponent of the maxim that an engi- 
neering association grows in proportion 
to its technical committees has seen the 
association progress from one or two 
small committees to more than 70 with 
over 1000 participating committeemen. 
His management has been marked by 
consistent improvement in recognition 
for NACE and the establishment of a 
sound financial base on which to oper- 
ate the association. 

2 
CORROSION publishes annually in 
December an alphabetical subject index 
to its Technical Section. 
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Baltimore-Washington Clinic Attracts Fifty 





CORROSION CLINIC PANEL members at Baltimore Section’s May 23 meeting consisted of, left to 
right, top row: C. W. Dralle, Ampco Metal Co.; D. Destito, Revere Copper & Brass Co.; K. M. 


Huston, Armco Steel Corp.; B. J. Philibert, Weather-Mastic, Inc.; George 


E. Best, Allied Chemical 


& Dye Corp. and J. M. Brady, Haveg Corp. Bottom row: W. J. Mayer, A. M. Byers Co.; Dana H. 
Davis, Food Machinery & Chemical Corp.; Earle C. Beatty, Kaiser Aluminum & Chemical Corp.; 


J. B. Horton, Bethlehem Steel Corp.; H. F. Lewis, Southern Galvanizing Co.; 


Allan A. Alexander, 


Naval Research Laboratory and S. C. Miller, Chesapeake and Potomac Telephone Co. 


Spalding Nominated 
To Be South Central 
Region's Chairman 


J. C. Spalding, Jr., Sun Oil Co., Dal- 
las, has been nominated to be chairman 
of South Central Region for 1958, At 
the same time the region’s nominating 
committee proposed the following can- 
didates for the indicated offices: J. A. 
Caldwell, Humble Oil & Refining Co., 
Houston, vice-chairman; W. F. Levert 
United Gas Pipe Line Co., Shreveport, 
secretary treasurer and Dan H. Carpen- 
ter, Aquaness Dept., Atlas Powder Co., 
Oklahoma City, assistant secretary- 
treasurer, 

Mr. Spalding, a native of Dallas, grad- 
uated from Georgia School of Technol- 
ogy with a BS in basic engineering in 
1945 and a BS in chemical engineering 
in 1946. After work on the staff of 
Southern Methodist University, he was 
employed by Sun Oil Co. as a fluid en- 
gineer in 1947 and as a corrosion engi- 
neer the same year. He presently is 
Section Supervisor, Material and Equip- 
ment Engineering Section, Southwest 
Division, Sun Oil Co, He has been ac- 
tive in NACE for many years. 

Mr. Caldwell, Senior Research Engi- 
neer, Production Research Division, 
Humble Oil & Ref. Co., is author of 
several papers on corrosion in oil pro- 
duction operations, has been active in 
NACE since 1946 and presently is sec- 
retary-treasurer of the region. 

Mr. Levert, corrosion engineer for 
United Gas Pipe Line Co., has been a 
member of NACE since it was first or- 
ganized. He is a graduate of Louisiana 
Polytechnic Institute with a BS in me- 
chanical-electrical engineering, 1938. He 
is past chairman of Shreveport Section. 

Mr. Carpenter, a graduqate of Uni- 
versity of Oklahoma in 1939 with a de- 
gree in civil engineering worked for the 
Tretolite Company before joining Sohio 
Petroleum Co, in 1951 as Senior Corro- 
sion Engineer. He was employed by 
Aquaness Dept., Atlas Power Co., as 
regional salesmanager in 1956. Active 
in NACE since 1948, he is past chair- 
man Central Oklahoma Section and is 
general chairman of the October re- 
gional meeting at Oklahoma City. 


Panhandle Section Being 
Organized at Borger 


Panhandle Section, which will include 
parts of Texas and Oklahoma within 
a 100-mile radius of Borger, Texas, is 
in process of formation. A petition for 
a section has been approved by the 
South Central Region Board of Trus- 
tees, and temporary officers have been 
named. 

A. C. Levinson and W. A. Tinker, 
both with Phillips Petroleum Co., Phil- 
lips, Texas are temporary chairman and 
secretary respectively. 

Panhandle Section is the fifty-fourth 
section organized in NACE and the 
fifteenth in South Central Region. 


Wafer Elected Chairman 
Of Sabine-Neches Section 


At the May 23 meeting of Sabine- 
Neches Section the following officers 
were elected for the term of September 
1957 to December 31, 1958. A. V. Wafer, 
Ohmstede Machine Works, chairman; 
Paul N. McKim, Socony Paint Products 
Co., vice-chairman, and John L. Hen- 
ning, Gulf Oil Corporation, secretary- 
treasurer. 


Informal San Diego Section 
Meeting Attracts 75 Persons 


) held its Second 
Annual Social meeting June 11 at Bali 


San Diego Section 


Hai on San Diego’s Shelter Island. 
Among the 75 present were 26 members 
and 32 ladies. Humorous awards were 
made to several members as reminders 
occurrences during the year. 

Claude Brown of the San Diego 
County district attorney’s office spoke 
on juvenile delinquency and narcotics 

Table decorations were handled by 
a committee of ladies headed by Mrs 
Dan Nordstrom. 

Next technical meeting of the section 
is scheduled for September 18 at Law- 
ton’s LaMesa with a tentative program 
on high temperature corrosion and cor- 
rosion in the water softening and con- 
ditioning industry. 


No Dull Moments 
During Three-Hour 
Panel Discussion 


Participants in the Baltimore Section 
corrosion clinic held May 23 at Mutual 
Chemical Division, Allied Chemical & 
Dye Corp. headquarters in Baltimore 
agreed there wasn’t a dull moment in 
the 3-hour session. Discussions were 
limited to eight minutes each. A wide 
variety of subjects was discussed by 
the 18 panel members. : 

The First Corrosion Clinic, organized 
by B. J. Philibert, Weather- Mastic, Inc., 
as a means of permitting discussion of 
local corrosion problems, was attended 
by 50 persons. Mr. Philibert believed 
section programs did not offer sufficient 
opportunity for discussion of local prob- 
lems and the large attendance and close 
attention of the participants proved this 
to be true. Letters were written to man- 
agers of industrial firms in the Balti- 
more-Washington area suggesting they 
attend and submit questions. 

Success of this meeting probably will 
lead to further similar meetings by the 
section. Details of preparation and or- 
ganization will be supplied any NACE 
section interested in holding a similar 
program. 

Following are a few of the questions 
and answer summaries: 

Q. Can you suggest a method to 
mitigate corrosion on lead cables in 
deep ducts (28 feet) caused by anaerobic 
bacteria? Will periodic flushing help? 

Answer: Most anaerobic bacteria tend 
to shield the surface and the deepest 
bacteria may be difficult to reach. Flush- 
ing with chromate solutions may be 
effective. Possible flushing with bac- 
terial poisons such as arsenates, or or- 
ganic poisons might be effective. 

Q. Is it necessary to remove scale 
before using a wash primer? 

Answer: If the cost of wash primers 
is justified, certainly the cost of sand- 
blasting to clean metal is also fully 
justified. Inadequate surface preparation 
is considered to be responsible for a 
large percentage of failures in coating 
systems. 

Q. What material should be used for 
intake screens for Baltimore Harbor 
water used for cooling service in heat 
exchangers? This water varies from a 
pH of about 6.0 in winter to about 3.5 
in dry summer months. Acid wastes 
from chemical plants plus organic mat- 
ter and heavy metal ions make this 
water extremely corrosive. 

Answer: Ordinary tin bronzes have 
not been satisfactory. Type 410 stainless 
steel has been good. Ampco metal 
screens have been good. Neoprene overt 
steel has not been satisfactory because 
of mechanical damage. Monel would 
undoubtedly be adequate. Ironwood has 
also been used for this service with 
complete satisfaction. 

Q. In refinery service cast iron con- 
denser channels, using Baltimore Har- 
bor water have been aggressively at- 
tacked. Maximum water temperature 1s 
180 F, maximum pressure 50 psig. 

Superficial velocity is in the order of 
magnitude of 4 to 5 fps. Local eddy 
currents have been sufficient to tear 


(Continued on Page 86) 
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“Autotronic Lining” of Oil Field Tubular Goods 


Push button controlled starting and continuous automatic opera- 
tion provide the only sure way of flawlessly lining tubular goods. 
That’s the way it is done at TLC. The tubing, bracketed in position 
on a continuous conveyor, gradually moves forward until it is 
electronically stopped in front of the battery of four automatically- 
operated spray lances. In the electronically-controlled TLC pro- 
cess, the spray heads are extended through the tubing and a pre- 
determined thickness of TLC4 is applied as the lances are with- 
drawn; thus, carefully eliminating the possibility of a poor film 
which results from spraying in both directions. Automation care- 
fully controls the coating operation. Every layer has uniform 
thickness. Each layer is properly baked for a pre-timed period at 
a plus or minus 2 degrees Fahrenheit (2° F.) controlled tempera- 
ture. The procedure is repeated automatically until the desired 
lining thickness is obtained — 4-5 mils for corrosion lining, 22-3 
mils for paraffin lining. Automatic coating, automatic baking, 
uniform layers, and measured thickness result in flawless linings 
— the kind you can be sure of getting only from Tubular Lining 
Corporation. 


TUBULAR LINING CORPORATION 


LARRY E. HEINEN, PRESIDENT 


JAckson 3-7013 @ P. O. Box 20015 © Houston 25, Texas 
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Deep Ground Beds Topic 
At Birmingham Meeting 


Installation of deep ground beds for 
cathodic protection anodes was dis- 
cussed as a possibility for industries in 
the Birmingham area at a meeting ot 
Birmingham Section. Twenty members 


and guests heard Irwin N. Howell, 
Southern Bell Telephone and Telegraph 
Co. describe installations of this type in 
the vicinity of New Orleans in his talk 
titled “Application of Deep Anodes 
Ground Beds for Protection of Lead 
Cables.” 

The June 28 meeting at Vestavia 
Temple, located on top of Shades 
Mountain, Birmingham, opened with a 
Fellowship Hour, followed by dinner. 


° . 
Baltimore-Washington— 
(Continued from Page 84) 
away natural rubber sheet linings. Mul- 
ti-coat vinyl lining systems have failed. 
A lining to be satisfactory must have 
considerable abrasion and impact re- 
sistance as well as chemical resistance. 
Answer: A high solids epoxy resin 
applied over glass fabric has been used 
for similar services. Polyesters on glass 
fabric have also been used with satis- 
faction. The vinyl plastisols could be 
considered where specific formulations 
have demonstrated exceptional abrasion 
and impact resistance in service. In all 
cases the surface should be prepared by 
sand-blasting to white metal. 


NORTHEAST REGION’S May 20-22 meeting at 
Syracuse University attracted 195 scientists and 
engineers, some of whom are shown in the top 
photograph. Field trips were made to the Solvay 
Process Division and Niagara Mohawk Power 
Corp. plants. At left is H. B. Jonassen, Professor 
of Chemistry, Tulane University, New Orleans, 
one of the speakers at the meeting, which fea- 
tured, among other things, eleven symposia with 
emphasis on materials selection procedures. Suc- 
cess of the meeting has induced a belief the 
region will be invited to hold other meetings at 
Syracuse. 


SECTION 


CALENDAR 


Be eeahase as 





23 Tulsa Section. 

24 East Texas Section. 
No Date Metropolitan New 
Section. 
No Date 


Oct. 

9 Tidewater Section. 

29 Philadelphia Section. Panel, 
terials of Construction.” 


Joint Meeting Scheduled 
To Hear W. H. Stewart 


Plans are being perfected by Metro- 
politan New York Section for a joint 
meeting December 11 of three sections 
to hear NACE President W. H. Stewart. 
Plans are underway for a joint meeting 
of members of Metropolitan New York, 
Southern New England and Lehigh 
Valley Sections on this date. More de- 
tails will be available later. 


York 


North Texas Section. 


“Ma- 


Carolinas Section Meeting 


The June 15 meeting of Carolinas Sec- 
tion attended by approximately 20 mem- 
bers and guests was held at the Sea- 
horse Institute at Wrightsville Beach, 
North Carolina. Several speakers, each 
an expert in his field of corrosion, pre- 
sented papers on miscellaneous corro- 
sion problems and methods of preven- 
tion, 

a 


The NACE Abstract Card Service af- 
fords semi-automatic sorting of abstracts 
by subject matter. 


ENGINEERS Vol. 13 


Dispersed Hard Particles 
Toughen Alloys to Wear 


Small hard particles dispersed in aj- 
loys in much the same way that gravel 
is dispersed in asphalt road materials 
toughen the alloys so their resistance {o 
wear and high temperatures are ma- 
terially improved, according to Armour 
Research Foundation. 


Corrosion publishes annually in Decem- 
ber an alphabetical subject index to jts 
Technical Section. 


TECHNICAL 
REPORTS 


PROTECTIVE COATINGS 


Other Than Pipe Line Coatings 


T-6A Application Techniques, Physical 
Characteristics and Corrosion Re- 
sistance of Polyvinyl Chlor-Acetates. A Re- 
port of Unit Committee T-6A on Organic 
Coatings and Linings for Resistance to Chem- 


= Corrosion. Publication 54-4. Per Copy 


T-6A Report on Rigid Polyvinyl Chloride. 
A Report of NACE Technical Unit 
Committee T-6A on Organic Coatings and 
Linings for Resistance to Chemical Corrosion. 
Publication 56-4. Per Copy $.50. 

T-6A Report on Epoxy Resins. A Report 
of NACE Technical Unit Committee 
T-6A on Organic Coatings and Linings for 
Resistance to Chemical Corrosion. Publication 
56-5. Per Copy $.50. 

T-6A Report on Application Techniques, 
Physical Properties and Chemical 
Resistance of Chlorinated Rubber Coatings. 
NACE Technical Unit Committee T-6A on 
Organic Coatings and Linings for Resistance 
——- Corrosion. (Pub. 56-6.) Per Copy, 


T-6A Vinylidene Chloride Resins. A Report 
of Unit Committee T-6A Prepared 
by Task Group T-6A-3 on Vinylidene Chloride 


= Publication No. 57-9. Per Copy 


T-6B Protective Coatings for Atmospheric 
Use: Their Surface Preparation and 
Application Physical Characteristics and Re- 
sistance. A Report of Unit Committee T-6B 
on Protective Coatings for Resistance to 
Atmospheric Corrosion. Publication No. 57-10. 


Per Copy $.50. 


TP-6G First Interim Report on Recom- 
: mended Practices for Surface Prep- 
aration of Steel. (Pub. 50-5). Per Copy, $.50. 
TP-6G Second Interim Report on Surface 
Preparation of Steels for Organic 
and Other Coatings. (Pub. 53-1.) Per Copy, 
$1; five or more copies to one address, per 
copy $.50. 
T-6K Acid Proof-Vessel Construction 
with Membrane and Brick Linings. 
A Report of NACE Technical Unit Committee 
T-6K on Corrosion Resistant Construction 


with Masonry and Allied Materials. Publica- 
tion No. 57-6. Per copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg.. Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. —_ Houston 2, Texas 
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Students From 35 
Engineering Colleges 
Invited to Chicago 


Students from 35 engineering colleges 
will be invited to attend the North Cen- 
tral Region’s October 1-4 meeting at 
the Sherman Hotel, Chicago as guests 
of the region. The invitation has been 
issued to deans of the colleges in the 
belief that the students will welcome 
an opportunity to become acquainted 
with the idea of corrosion control as an 
engineering specialty and with the func- 
tions of NACE. Advance programs 
were mailed to the colleges along with 
the invitation. 

Additional information has been re- 
leased on other aspects of the meeting. 
Registration will be from 6 to 9 pm 
Tuesday, October 1 and 8 am to 4 pm 
Wednesday and Thursday, October 2 
and 3. Actual registration will be han- 
dled by Chicago Convention Bureau 
employes. Information on Chicago ac- 
tivities will be available at the regis- 
tration desk at all times. 

A ladies’ program has been arranged 
for October 2, 3 and 4. 

The Fellowship Hour, to be held in 
Hotel Sherman’s George Bernard Shaw 
room, will be Wednesday, beginning at 
6 pm. Admission is by registration 
badge. 

A banquet will be held beginning at 
7 pm Thursday in the Bal Tabrin, with 
Alex Dreier, National Broadcasting Cor- 
poration reporter providing comment on 
a color film taken in Russia last year. 

Symposia and accommodations for 
registrants will be in the hotel. 


NBC Commentator 
To Show Movie on 
Russia at Chicago 


A color motion picture taken in Rus- 
sia during 1956 will be shown during 
the North Central 
Region banquet to 
be held beginning at 
7 pm, Thursday, Oc- 
tober 2 in Hotel 
Sherman’s Bal Tab- 
arin. Alex Dreier, 
National Broadcast- 
ing Company re- 
porter, who took the 
picture, will give a 
commentary. Mr. 
Dreier’s comments 
on everyday life in 
the Soviet Union are 
said to be candid, 
amusing. 

Mr. Dreier, with a long record of ac- 
tivity as a foreign correspondent with 
United Press and NBC in Europe be- 
fore, during and since World War II, 
is active as a network broadcaster in 
both radio and television and is in de- 
mand for public speaking engagements. 


Exhibition Is Cancelled 
For Meeting at Chicago 


The exhibition scheduled to be held 
concurrently with the North Central 
Region meeting in Chicago October 1-4 
has been cancelled. 





Dreier 


informative and 
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Ladies’ Program Includes 
Tours, Brunch, Luncheons 


A 3-day program including morning 
coffees, two tours and a brunch and 
entertainment has been arranged for 
ladies attending North Central Region’s 
October 1-4 meeting at Chicago. The 
schedule is as follows: 

Wednesday, October 2 
8:30 am—Coffee and rolls. 
Private cars or busses to the Milk Pail, 

Dundee, Ill. for lunch. 

Afternoon tour of Mooseheart, Batavia, 

Ill., returning about 4:30 pm. 

6 pm—Fellowship hour. 


Thursday, October 3 
9 am—Coffee and rolls. 





















CORROSION ENGINEERS 


® Coating jobs in this part of the 
country are on a Paul Bunyon 
scale—and the coal tar enamels 
have to do a giant-size job. 
That’s why Harry Holstrum is 
pretty busy in Minneapolis sell- 
ing Reilly Coal Tar Enamels— 
but not too busy to talk to you. 





Tour and luncheon, First National Bank 


of Chicago. 
7 pm—Banquet. 
Friday, October 4 


10:30 am to 12 m—Brunch and enter- 
tainment provided by United Airlines, 


60 Attend Shreveport 
Section’s July Meeting 


The July 2 meeting of Shreveport 
Section was attended by 30 members 
and their wives. M. J. Olive of the 


Arkansas Fuel Oil Corporation, acted 
as chairman of the entertainment com- 
mittee for the social meeting. 

Next meeting of the section will be 
August 6 when the annual ‘“Bar-b-que” 
will be held. 


uo 
WIT LEELA 


Harry Danz has discovered 
that his friends, old and 
new, know that ordering 
Reilly Coal Tar Enamels 
means deliveries when 
they’re wanted...as they’re 
wanted. Harry also finds 
that his customers are sold 
on Reilly products from 
the start for their top qual- 
ity looks and superior per- 
formance records. 


Reilly Tar & Chemical eC 


eill 


f 
eytana 






7200 WALKER STREET 


MERCHANTS BANK-BUILDHNG, INDIANAPOLIS 4, INDIANA 


Sales Offices in Principal! Cities 





MINNEAPOLIS 16, MINN., 
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HOW TO DOUBLE REFINERY RUNNING-TIME 
BY KEEPING CORROSION DOWN 


After eight months’ operation, with KONTOL on the job, 
an eastern refinery reported the following: corrosion in the 
overhead condenser was not even measurable... 
there was a 334% increase in the heat 
transfer coefficient . . . tower tray corrosion 
was completely eliminated. And because of 
KONTOL’s detergent action, running time 
in this typical depropanizer 


application was doubled. 


iy . TRETOLITE COMPANY 
Similar benefits are available to your refinery a 


(The Man in the Red Car) show you how. 


WRITE FOR FREE KONTOL BULLETIN 


operation. Let your Kontol Service Engineer: KONTO 
SAINT LOUIS» LOS ANGELES 


A DIVISION OF PETROLITE CORPORATION 


369 Marshall Avenue, St. Louis 19, Missouri 
5515 Telegraph Road, Los Angeles 22, California 


KONTOL CORROSION PREVENTIVES ARE EFEECTIVE IN 


4 Crude Stills « Depropanizers » Debutanizers « Depentanizers « Absorbers 
wee Stabilizers « Platformers » Reformers « Vacuum Towers « Alkylation Plants 
Coking Systems « Dewaxing Systems « Gas Recovery Systems + Cat 
Cracker Fractionators « Alkanolamine Sweeteners « Desulfurization Systems 
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Emphasis Is on Gas and Petroleum Industries 


TECHNICAL 


Cathodic Protection 


Cathodic Protection of Distribution 
Systems by L. E. Nichols and E. F. 
Fowler, Northern Illinois Gas Co., 
Bellwood, Ill. 

New Criteria for Cathodic Protection 
Design by Gordon N. Scott, Los 
Angeles, Cal. 


Gas Distribution Industry 


Locating Contacts and Open Cou- 
plings by Electrical Measurements 
by Charles L. Woody, United Gas 
Corp., Houston. 

Stray Current Problems in a Large 
Gas Distribution System by Harold 
C. Boone, The Peoples Gas Light 
and Coke Co., Chicago, Ill. 


Marine Corrosion 


Shipboard Evaluation of Zinc Gal- 
vanic Anodes by T. J. Lennox, Jr., 
American Smelting & Ref. Co., 
South Plainfield, N. J. 

Performance of Epoxy Resin Coatings 
in Marine Environments by F. A. 
MacDougal, Shell Oil Co., New 
Orleans. 


Oil and Gas Production 


Some Recent Developments in the Ap- 
plication of the Electrical Resist- 
ance Method to Corrosion Studies 
by W. R. Scott, Crest Instrument 
Co., Santa Fe Springs, Cal. 

Water Conditioning Gadgets: Fact or 
Fantasy? by A. M. Henricks, Hall 
Laboratories, Div. of Hagan Chem- 
icals and Controls, Inc., Pittsburgh. 


Process Industry 


Impervious Graphite Shell and Tube 
Exchangers by J. F. Revilock, Na- 
tional Carbon Co., Div. Union Car- 
bide Corp., Cleveland. 

A Paper, Title Unavailable by Wayne 
Z. Friend, The International Nickel 
Co., Inc., New York. 


Protective Coatings 


Baked-on Plastic Coatings and Lin- 
ings by Cordell Garner, Plastic Ap- 
plicators, Inc., Houston. 

Internal Coatings in Gas Pipelines by 
O. W. Wade, Transcontinental Gas 
Pipe Line Corp., Houston. 


SYMPOSIA 


Thur., Oct. 3 


Common Errors in Instrumentation 
Readings in Cathodic Protection by 
H. C. Murchison, Nelson Electric 
Mfg. Co., Tulsa, Okla. 

Economics of Casing Protection by 
Elmer Curry, Cities Service Gas Co., 
Wichita, Kans. 


Thur., Oct. 3 


Records Related to a Natural Gas 
Distribution Corrosion Control Pro- 
gram by Leonard C. Hill, Kansas 
Nebraska Gas Co., Hastings, Neb. 

Integration of Leakage Surveys and 
Cathodic Protection in Gas Distri- 
bution Systems by James R. Cowles, 
Agra Instrument Co., Tulsa. 


Thur., Oct. 3 


Construction of an Offshore Drilling 
Platform—A Motion Picture, with 
discussion by D. B. Stauffer, Hum- 
ble Oil & Ref. Co., Houston. 

Corrosion Control Methods in Off- 
shore Operations by O. L. Grosz, 
The California Co., Harvey, La. 


ri., Oct. 4 


Behavior of Steels in Hydrogen Sul- 
fide Environments (Sulfide Stress 
Cracking) by L. W. Vollmer, Gulf 
Research & Dev. Co., Pittsburgh. 

Complexity of Oil and Gas Corrosion 
by H. E. Waldrip and J. A. Rowe, 
Gulf Oil Corp., Houston. 


Thur., Oct. 3 


Relative Corrosion Resistance of 200 
Series and 300 Series Stainless 
Steels in Chemical Plant Field 
Tests by A. C. Hamstead and L. S. 
Van Delinder, Union Carbide Chem- 
icals Co., South Charleston, W. Va. 

A Paper, Title Unavailable, by S. E. 
Platz, Carpenter Steel Co., Alloy 
Steel Div., Union, N. J. 


ri., Oct. 4 


You Show Us How—We'll Do It by 
F. W. Gartner, Jr., F. W. Gartner 
Co., Houston. 

A Coating Evaluation Testing Pro- 
gram by E. R. Allen, Jr., Humble 
Pipe Line Co., Houston. © 








Waldrip 


Wade 


BIOGRAPHIES 








E. R. ALLEN, JR.—Since 1949, corrosion engi- 
neer, Humble Pipe Line Company, engaged in 
testing and evaluating external pipe line coat- 
ings, internal pipe linings and sour crude corto- 


Spent two years (195 54-1956) in 
Air Force as Pro ject Officer, Air Force Arma- 
ment Center, Air Research and Development 
Command on aircraft corrosion from rocket blast 
residues. Received BS in chemical engineering 
from MIT in 1948 and in 1949 a BS in general 
engineering specializing in electrochemistry, 
metallurgy and corrosion. Member of NACE 
and Registered Professional Engineer in Texas. 


HAROLD C. BOONE—Supervisory engineer of 
the Corrosion Section in the Engineering De- 
partment of The Peoples Gas Light and Coke 
Company of Chicago, Illinois. He received a 
BS in electrical engineering from the University 
of Oklahoma in 1942, During World War II as 
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At South Central Region Oklahoma City Meeting 





Friend 








Henricks Hill 





Scott, G. Scott, W. R. 





Woody 
LE ae eee ee eee 


a Lieutenant in the U. S. Navy, he was as- 
signed to the Test and Development unit of the 
Aircraft Section of the Naval Research Labora- 
tory, Bellevue, Washington, D. C. At the end 
of the war, he went to work for the Texas 
Pipeline Company as an electrolysis engineer, 
Where he remained until 1951 when he joined 
his present employer. He has been a member 
of the National Association of Corrosion En- 
gineers since 947 and is secretary of Chicago 
Section 


ELMER L. CURRY —Corrosion Engineer, 
Cities Service Gas Co., Wichita, Kans. He is a 
graduate of the University of Oklahoma School 
of Engineering, Division of Technical Training. 
e served three years in the navy during World 
War II and two years in Japan and Korea dur- 
- 1950-1952 in the U. S. Army Corps of Engi- 
neers, 


JAMES R. COWLES—Graduated from Okla- 
homa | niversity in 1936 with a BS in engineer- 
(Continued on Page 92) 





Garner 





Lennox 





VanDelinder Vollmer 





ABSTRACTS 


A New Criterion for Cathodic Protection De- 
sign by Gordon N. Scott, Los Angeles, Cal. 
A means for estimating how much current to 
apply to an underground structure for cathodic 
protection is described and illustrated. The dif- 
ficulties of measurement and interpretation are 
considered in relation to the ‘‘null-circuit” for 
determining current density-polarization curves. 
Several possible explanations for the behavior of 
the potential with respect to current density of 
a cathodically protected pipe line are examined 
in the light of experimental data. The general 
condition for complete cathodic protection is 

given quantitative expression for iron. 





Economic Considerations of Rectifier Installa- 
tions for any Given Current Requirement, by 
E. L. Curry, Cities Service Gas Company, 
Wichita, Kansas. 

The problems of economics involved in a recti- 

fier and ground bed system for cathodic protec- 

tion amounts to a balance between the annual 
cost of losses and the annual fixed charges. In 
view of this, two items primarily considered are: 

(1) The choice of materials from a cost view- 

point, and (2) the monthly power bill. 

Items for consideration in lowering the 
monthly power bill in order to meet an economic 
balance are: (1) Electrical cable for use in the 
direct current circuit; (2) Ground beds—kind 
and amount of materials used, and ground treat- 
ment; (3) Efficiency of rectifiers; and (4) Main- 
tenance, 


Locating Underground Contacts and Open Cou- 
plings by Electrical Measurements by Charles 
L. Woody, United Gas Corp., Houston. 

The city distribution system presents a unique 

problem in cathodic protection installation and 


(Continued on Page 93) 


October 1-4 Program 
Virtually Complete 
In Most Phases 


Principal emphasis of the October 1-4 
technical program at the Oklahoma City 
South Central Region meeting will be 
on the oil and gas industry. A sympos- 
ium will be devoted to problems of the 
gas distribution industry. Process in- 
dustry problems will be considered at a 
symposium and at a discussion session. 

Dan H. Carpenter, Aquaness Dept., 
\tlas Powder Co., general arrangements 


chairman reported details have been 
completed on registrations, hotel ac- 
commodations, exhibit hours, ladies’ 


program, entertainment and the annual 
business luncheon. 

A schedule of meetings of technical 
committees has been completed. The 
present plans call for some of these 
meetings to be held Monday, September 30. 

All committee meetings, technical 
symposia and the exhibition will be held 
at Oklahoma City’s Municipal Audi- 
torium. 


In this issue of CORROSION, a 
roundup of information on this meeting 
is being published. Symposia chairmen 
were listed on Page 108, May issue. 


AO Percent of Booths 
At Exhibition Are Sold 


Forty percent of the booths arranged 
for the exhibition to be held concur- 
rently with the October 1-4 South Cen- 
tral Region meeting at Oklahoma City 
have been sold. Additional contracts are 
in process and exhibit managers expect 
that all spaces provided in the initial 
layout will be sold in the next 60 days. 
If demand warrants, it is feasible to in- 
crease the number of booths to accom- 
modate additional exhibitors. 


This is the second exhibition held by 
South Central Region. 


The exhibition, to be held in the 
Zebra Room at the Municipal Audito- 
rium will be open from 10 am to 5 pm 
daily, October 1, 2 and 3. 

The following firms have contracted 
for exhibit Space: 

American Coating Supply Company, Tulsa, Okla. 
Aquaness Dept., of Atlas Powder Company, Wil- 
mington, Del. 
Cathodic Protection Service, Houston, Texas 
Cherokee Laboratories, Inc., Tulsa, Okla. 
Clementina, Ltd., San Francisco, Cal. 
Corrosion Rectifying Company, Houston, Texas 
The Duriron Company, Inc., Dayton, Ohio 
The Fibercast Corporation, Sand Springs, Okla. 
Odis C. Galloway & Company, Inc., Beaumont, 

Texas 
Gulf States Asphalt Company, Inc., South Hous- 

ton, Texas 
Midwestern Pipe 

Tulsa, Okla. 
Charles Pfizer & Company, Inc., Brooklyn, New 

York 
Plastic Applicators, Inc., Houston, Texas 
Plastic Engineering & Sales Corp.,, Fort Worth, 

Texas 
Standard Magnesium Corp., Tulsa, Okla. 
Texsteam Corporation, Houston, Texas 
Tube-Kote, Inc., Houston, Texas 
Visco Products Company, Houston, Texas 
T. D. Williamson, Inc., Tusa, Okla. 


2% 
NACE aims to use CORROSION as a 
medium for coordinating corrosion con- 
trol work the world over. 


Line Products Company, 
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Registration Opens Sept. 30 
For South Central Meeting 


Registrations for the South Central 
Region meeting at Oklahoma City will 
be accepted at the Zebra Room, Mu- 
nicipal Auditorium between 3 and 5 
pm Monday, September 30 and from 
8 am to 5 pm Tuesday, Wednesday 
and Thursday, October 1, 2 and 3. Regi- 
strations Friday will be accepted be- 
tween the hours of 8 am and noon. 

Advance registration cards will be 
mailed during August, returnable not 
later than September 15. No money is 
to be sent with advance registrations. 

Fee for conferees will be $15. Fee for 
lady guests accompanying a full regis- 
tration will be $7.50. 

Lapel badges issued at time of regis- 
tration will admit wearer to all technical 
functions and to the exhibit area and a 
book of tickets will be issued for all 
ether functions. No additional charge 
will be made for functions listed in the 
official program. 


BIOGRAPHIES 


(Continued From Page 91) 


ing physics and from Massachusetts Institute of 
Technology with an SM degree in 1937. Worked 
in engineering department of Oklahoma Natural 
Gas Company from 1939 to 1954 inaugurating 
and heading cathodic protection work the last 
years of employment. Since 1954 has been a 
consultant on cathodic protection and a manu- 
facturer of cathodic protection instruments with 
Agra Instrument Co., Tulsa. 


WAYNE Z. FRIEND*—In charge of the Cor- 
rosion Engineering Section, Development and 
Research Division, The International Nickel 
Co., Inc., New York. He has been with the 
division since 1937. He is a BSChE from West 
Virginia University (1924) and MSChE (1926) 
from the same school. Before 1937 he was asso- 
ciated with Gasoline Recovery Corp. Charleston, 
W. Va., and with Philgas Div., Phillips Petro- 
leum Co. Boston and Detroit. 


CORDELL GARNER—Vice-president, Plastic 
Applicators, Inc., Houston. He has a BS in 
mechanical engineering, University of Houston, 
1948 and has been working in engineering, pro- 
duction and sales of baked-on coatings since 
1948. He is a member of NACE and AIME. 











FRED W. GARTNER, JR.—Partner in the 
F. W. Gartner Company of Houston, Texas, has 
been with the firm since 1936 working in the 
field as superintendent of outside operations. In 
1948 he was made general manager of all com- 
pany operations, comprising of its rental of 
construction equipment, metallizing, sandblast- 
ing, application of all types of corrosion protec- 
tion coatings, and concrete demolishing. He is 
a member of NACE, serving on the T6F Lin- 
ing Committee, AWS Committee on Metallizing, 
Coating Society and Associated Equipment 
Dealers. 


O. L. GROZ—Since 1954 Mr. Groz has been 
working as a corrosion engineer with The Cali- 
fornia Company, Harvey, La. He has a BS in 
mechanical engineering. 


A. C. HAMSTEAD—Graduated with a BS in 
chemistry at West Virginia University, 1930. 
Since graduation has been affiliated with Union 
Carbide Chemicals Company in South Charles- 
ton plant laboratories. For the past 20 years has 
been engaged exclusively in the study of plant 
corrosion and metallurgical problems and at 
present is Group Leader of the Material of 
Construction Group in the Development Depart- 
ment. Member NACE, ASTM, ASM; past 
chairman of the Kanawha Valley Section NACE. 


A. M. HENRICKS—Staff engineer, Hall Lab- 
oratories, A Division of Hagan Chemicals and 
Controls, Inc., Pittsburgh since 1951 where he 
has made water surveys and special investiga- 
tions for plants at home and abroad. He has a 
BS in chemical engineering from University of 
Pittsburgh. After graduation he joined Hall 
Laboratories, became supervisor of the control 
laboratory in 1939 and then field engineer re- 
sponsible for water conditioning in Hall’s plants 
in New England. 


LEONARD C. HILL—In charge of the Cor- 
rosion Department of Kansas-Nebraska Natural 
Gas Company, Inc. since 1938. He specializes in 
cathodic protection of natural gas production, 
transmission and _ distribution facilities. He 
studied chemical engineering at Oklahoma A & 
M College and is a member of NACE. 


T. J. LENNOX, JR.—A corrosion engineer, spe- 
cializing in cathodic protection, with the Ameri- 
can Smelting and Refining Company at the 
Central Research Laboratory, South Plainfield, 
N. J. From 1950 to 1953 he did polarographic 
research for J. T. Baker Chemical Company, 
Phillipsburg, N. J. In 1949 he received a BS 
in chemistry from Wagner College, Staten Is- 
land, New York. During World War ITI_ he 
served as a Marine fighter pilot in the Pacific. 
Mr. Lennox is a member of NACE, ACS and 
RESA. 


F. A. MACDOUGALL—Chemical_ engineer 
with Shell Oil Company’s Exploration and Pro- 
duction Department, New Orleans, Louisiana. 
He received a BS in Chemical Engineering 
(1949) and MS (1950) from Ohio State Uni- 
versity. Mr. MacDougall joined Shell Oil Com- 
pany in 1950 and was assigned to general oil 
field production work with special emphasis on 
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corrosion, oil treating, etc. For the past three 
years he has been assigned as a Chemical En- 
gineer Specialist in the New Orleans Office of 
the production department. 


H. C. MURCHISON—An engineer with Ca. 
thodic Protection Service, Houston, he holds a 
BS in engineering physics from University of 
Tulsa. For two years, with Service Pipe Line 
Co. he was engaged principally in soil surveys 
testing and other activties in connection with 
corrosion control before joining CPS. 


J. S. REVILOCK—Since 1944, with National 
Carbon Company, Cleveland, he has designed 
and sold equipment fabricated of carbon, graph- 
ite and imperious graphite materials. He was 
made manager of sales and service of process 
equipment in the chemical products sales group 
in 1956. He has a BS in chemical enginering 
Case Institute of Technology (1942) and from 
1942 to 1944 worked for National Advisory 
Committee for Aeronautics, Cleveland. He js 
author of several articles on carbon and graphite 
equipment and is a member of AIChE and 
Alpha Chi Sigma. 


J. A. ROWE, JR.—Has been employed in the 
Technical Service Laboratory of the Gulf Oi] 
Corporation since 1949, where he now is chemi- 
cal engineer in the Production Section. He has 
been a member of NACE since 1952 and pres. 
ently is chairman of Task Group 2 of T-1C and 
Task Group 1 of T-1K. He received a BS in 
chemical engineering from Rice Institute in 
1947 and a MS in organic chemistry from the 
University of Idaho in 1949. He is a registered 
professional engineer in the state of Texas, 


GORDON N. SCOTT—A consulting engineer 
in Los Angeles, Mr. Scott is well known for 
his work on underground corrosion and ca- 
thodic protection in researches beginning in 
1927. Mr. Scott, who received the Speller Award 
in 1955, has a PhD in physical chemistry and 
other degrees from University of California. He 
is well known as a lecturer on corrosion sub- 
jects and is author and co-author of numerous 
papers published by NACE and elsewhere. 


WILLARD R. SCOTT, JR.—Since August, 
1953 director of research, Crest Research Lab- 
oratories, Santa Fe Springs, Cal. He has been 
research chemist with California Research Corp. 
in the corrosion laboratory of its Oil Field 
Research Division at LaHabra, Cal. He has 
a BS in chemistry from California Institute of 
Technology and a PhD from University of 
California at Los Angeles in organic chemistry. 
He served in the navy from 1944 to 1946. 


D. B. STAUFFER—A civil engineer with Hum- 
ble Oil & Refining Co. Houston, he has a BS 
in civil engineering from Princeton. He_ has 
been working on pipe line corrosion problems 
for the last several years. 


L. S. VAN DELINDER—With Union Carbide 
Chemicals Company, South Charleston, W. Va. 
His sixteen years of corrosion control experi- 
ence include most types of organic and _imnor- 
ganic corrosion problems encountered in chemi- 
cal plants. He has a BS in chemistry from 
Morris-Harvey College, presently is chairman of 
Technical Unit Committee T-6 on_ Protective 
Coatings and he is active in other NACE tech- 
nical committees. 


L. W. VOLLMER—Director of the Materials 
Engineering Division, Gulf Research and_De- 
velopment Company, he is a graduate of Penn 
State University. He was a Fellow at Mellon 
Institute for Industrial Research from 1926 to 
1930. In addition to NACE he is a member of 
ASM, AIME, API and is active in other tech- 
nical organizations. 


O. W. WADE—Corrosion engineer with Trans- 
continental Gas Pipe Line Corp., Houston, He 
has been active in corrosion control work on 
pipelines and associated structures since 1946. 
Mr. Wade has been active in Houston Section 
NACE, and is a member of several committees 
engaged in underground corrosion control mitt 
gation. 


H. E. WALDRIP—Presently supervisor of the 
Production Unit, Technical Service Laboratory, 
Gulf Oil Corp., Houston, he has been active in 
NACE almost from its inception and has been 
chairman of Houston Section, held every re 
gional office and presently is_ director repre- 
senting South Central Region. He has been very 
active in NACE technical committee work. He 
has a BS in chemical engineering, South Da- 
kota School of Mines and a professional chemt- 
cal engineering degree from the same school in 
1935. 


Cc. L. WOODY—United Gas Corp. Houston. 
His corrosion control work began more than 12 
years ago on natural gas pipe lines of Missis- 
sippi Power & Light Co. and Louisiana Power 
and Light Company. He was employed | by 
Ebasco Services, Inc. New York as an electrical 
engineer before joining United Gas Corp. He 
has a BS in electrical engineering from North 
Carolina State College. 
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Central Control Scheduled 
For Hotel Reservations 


Requests for hotel reservations during 
the South Central Region meeting at 
Oklahoma City should be mailed directly 
to National Association of Corrosion 
Engineers Housing Committee at Okla- 
homa City Chamber’ of Commerce. A 
reservation card will be mailed. 

Accommodations are available to the 
Skirvin, Biltmore, Huckins, Roberts and 
Black Hotels. Confirmations will be 
sent. 


Two Tours Scheduled on 
Program for Ladies 


Tours of the new Holiday Village 
and Hummel Maid Rug Company are 
scheduled for ladies attending the Okla- 
homa City South Central Region meet- 
ing in October. 

The program also includes a coffee 
hour, attendance at the Fellowship Hour 
Wednesday and at the annual banquet 
Thursday. 

Style show and luncheon will be held 
in the Venetian Room at the Skirvin 
Hotel Thursday. 


Entertainment Features Are 
Set for Oklahoma City 


The following general entertainment 
has been planned for the October 1-4 
South Central Region meeting: 

Wednesday, October 2—Fellowship 


Hour, 6:30-7:30 pm, Persian Room, 
Skirvin Tower Hotel. 
Thursday October 3—Annual_ Ban- 


quet, 7 pm to midnight. Persian Room, 
Skirvin Tower Hotel. Dancing is sched- 
uled. 
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maintenance due to the multiplicity of under- 
ground piping and cable systems. The paving or 
hard surfaces usually present limits visual in- 
spection and electrical test connections to the 
piping to an absolute minimum. The other or 
foreign underground piping and cable systems 
greatly increases the possibility and probability 
of electrical contacts with these structures. These 
underground structures also limit the permissible 
current draining from the protected structure. 

[his paper is not intended to be a theoretical 
treatise on the underground electrical circuit, 
but rather a down-in-the-earth practical ap- 
proach to the problem of locating contacts and 
open couplings. In fact, some of the methods 
used may not be entirely theoretically correct 
but in application they have resulted in a satis- 
lactory solution to undreground open couplings 
and contact problems. The equipment discussed 
included the ammeter, volt meter, pipe locator, 
current interrupter and other readily available 
variations of these instruments. The discussion 
deals primarily with the practical use, limita- 
tions and results that may be obtained by 
trained and experienced personnel. The emphasis 
is placed on experience and interpretation of 
ve observed rather than a theoretical ap- 
proach. 


Stray Current Problems in a Large Gas Distri- 
bution System by Harold C. Boone, The Peo- 
ples Gas Light and Coke Co., Chicago. 

A discussion of problems caused by stray cur- 

rent flowing over the gas distribution system 

and other underground utilities in Chicago. A 

brief description is given of the various electric 

transportation systems that contribute to the 
stfay-current problem. The problems are com- 
mon to the various utility companies, which 
are represented by the Chicago Joint Electroly- 

sis Committee. The committee functions as a 

coordinator for regulating the corrosion mitiga- 

tion program of the various companies. The 

Corrosion mitigation practices include installa- 
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tion of joint-bonds, drainage cables, reverse- 
current switches, distributed groundbeds sup- 
plied by rectifiers and insulating joints with 
protective devices. 


Records Related to a Natural Gas Distribution 
Corrosion Control Program by Leonard C. 
Hill, Kansas-Nebraska Natural Gas Company, 
Inc., Hastings, Nebraska. 

This company is engaged in natural gas produc- 

tion, transmission and distribution and has prac- 

ticed corrosion control for approximately 20 

years in transmission, 15 years in distribution 

and production properties for about 12 years. 
The corrosion department is comprised of one 
engineer and five technicians. District personnel 
and maintenance personnel assist in corrosion 
control by a generalized policy program and 
new work is set up for cathodic protection dur- 
ing the engineering design and construction. 
This paper is concerned with general policy 
procedure and useful recording of data relative 
to corrosion control in some 155 retail distribu- 
tion systems of which 101 are all painted and 
wrapped and under complete cathodic protection 
and the remaining 54 towns are spot protected. 

Since 1944 all new construction is painted and 

wrapped, isolated into convenient sections, all 

meter sets insulated and cathodic protection 
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applied. Recording procedure is discussed and 
illustrated as is also the manner in which leak- 
age data are kept. 

Annual current and potential surveys are 
made by a corrosion technician and monthly 
potential checks are made by district personnel. 
Occasional training schools are responsible for 
the satisfactory mainteance of protection by dis- 
trict personnel with a minimum of assistance 
from corrosion technicians. Illustrations of data 
use and records are discussed. 

Practical aspects of this program is discussed 
although cost records are not_ specifically 
covered. 


Integration of Leakage Surveys and Cathodic 
Protection in Gas Distribution Systems by 
James R. Cowles, Agra Instrument Co., Tulsa. 

Cathodic protection in gas distribution systems 

usually starts as a special engineering project. 

Once it has been proved, it generally becomes 

a subsidiary of some department and continues 

to expand as a more or less independent opera- 

tion. In most companies there is another group 
continually prodding for leaks to be reported 
to the maintenance crews for repairs. So far, 
it is not accepted generally that both groups 


(Continued on Page 94) 
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should be united and that one supervisor should 
be in charge of both teams and also be held 
responsible for any preventable leaks that occur 
or for making repairs, the cost of which in a 
short time exceed that of a new line. 

Data presented represent one approach to 
this problem. They show clearly some of the re- 
sults of poor coordination, the opportunities 
which are rapidly passing and present a basis 
for studying maintenance which management 
can hardly ignore. 


Shipboard Evaluation of Zinc Galvanic Anodes 
by T. J. Lennox, Jr., American Smelting & 
Ref. Co., South Plainfield, N. J. 

A commercial zinc anode with desirable long 

term galvanic performance characteristics has 

been developed. Aluminum plus cadmium added 

to zine has produced this improved anode. 
Che tolerance for iron in zinc anodes has been 

increased by the aluminum plus cadmium addi- 
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tion. Less adherent corrosion products and uni- 
form anode attrition also have been achieved 
without adverse effects on anode current effi- 
ciency. Improved zinc anode performance ob- 
tained with the aluminum plus cadmium addition 
is independent of anode current density or 
electrolyte temperature. 

In the absence of other constituents, controll- 
ing the iron content at 0.0015 percent does not 
give a zinc anode with optimum galvanic proper- 
ties. Best performance is obtained when the 
iron content is on the order of 0.0002 percent. 

Barrier shields serve no useful purpose on the 
faying surface of zinc anodes installed on steel 
ship hulls. 

Long term performance tests on five active 
ships and quiescent marine exposures, using 
commercial size zinc anodes, provide the basis 
for these conclusions. 


Performance of Epoxy Resin Coatings in Marine 
Environments by F. A. MacDougall, Shell Oil 
Company, New Orleans. 

A general discussion of the performance of vari- 

ous epoxy resin coatings in marine environments 

is presented. The paper discusses the use of 


both the catalytic cured and the ester type 


epoxy resin coating systems with regard to cost, 
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performance, advantages and disadvantages of 
each. Both thin and thick filmed systems re 
covered. Detailed description of the coating 
systems are presented with actual paint formu. 
lation given in some cases. Performance evalu. 
ation covers the use of the epoxy resin Coating 
on such equipment as tanks, offshore structures 
and boats and points out the relative merits of 
the coatings underwater, in the wind and waye 
zone and in a marine atmospheric environment 


Construction of an Offshore Drilling Platform 
(Movie to be presented at Marine Corrosion 
Symposium, 1957 NACE South Central Re. 
gion Meeting, Oklahoma City, October 3 
1957) Commentary by D. B. Stauffer, ' 

A color movie will be shown covering the land 

phase construction and water phase erection of 

an offshore drilling platform in the Gulf of 

Mexico, A sound track describes the construc. 

tion and erection procedures and some of the 

difficulties encountered in this type of work 

Following the movie a number of colored slides 

will be shown portraying the first year per. 

formance of the protective coating system used 
on the platform. 

The coating system used on this platform js 
a 5-mil vinyl system for corrosion protection 
covered by ten mils of vinyl mastic for mechani- 
cal protection. The total cost of the system was 
60 cents per square foot and its present con- 
dition is excellent. 


Some Recent Developments in the Application of 
the Electrical Resistivity Method to Corrosion 
Studies by W. R. Scott, Crest Instrument 
Co., Santa Fe Springs, Cal. 

A brief description of the theory and basic oper- 
ation of the electrical resistance method for 
making corrosion measurements is given. A 
short review of practical applications over the 
past thirty years is followed by a survey of the 
rapid commercial development of suitable in- 
struments during the past two years. A new, 
battery operated, AC type corrosion meter and 
a new probe assembly having replaceable speci- 
mens is described. The paper concludes with an 
explanation of how the new AC meter may be 
used to study cathodic protection, galvanic cor- 
rosion, differential aeration and certain other 
special corrosion phenomena. 


Water Conditioning Gadgets: Fact or Fancy? 
by A. M. Henricks, Hall Laboratories, Pitts- 
burgh. ; 

Gadgets of various types have been marketed 
since 1840 to treat water without the use of 
chemicals to prevent scale, corrosion and asso- 
ciated problems in industrial and municipal 
water systems. This paper mentions a number 
of these devices that have appeared in the past. 
However, particular attention is directed to 
gadgets being promoted now. Theoretical prin- 
ciples on which these contrivances operate—or 
are purported to operate—are discussed in de- 
tail. The reasons why these gadgets have had 
some positive effect under very special condi- 
tions are considered. Included are specific con- 
densed case histories which demonstrate the 
actual results obtained with these devices when 
they were used under varying operating condi- 
tions in different plants. These data were all 
obtained from first-hand observations by engi- 
neers of Hall Laboratories in instalations they 
visit. The methods followed in bringing these 
gadgets to the attention of the user are also 
discussed. 


The Behavior of Steels in Hydrogen Sulfide 
Environments (Sulfide-Stress Cracking) by 
L. W. Vollmer, Gulf Research & Development 
Company, Pittsburgh. ’ 

Spontaneous cracking of steels in deep high 

pressure condensate wells producing gas contaim- 

ing hydrogen sufide has been a subject for con- 
siderable investigation during the past seven or 
eight years. This paper presents: (1) A defini 
tion and possible mechanisms for  sulfide-stress 
cracking of steels; (2) The methods currently 
being used to establish the susceptibility of 
steels to this phenomenon; (3) A brief, summa- 
tion of the significant developments from re- 
search on the problem; and (4) The measures 
that are currently indicated to minimize the 
possibilities of such failures in steel equipment. 

The term ‘“sulfide-stress cracking’”’ is pre- 
ferred to the commonly used ‘sulfide corrosion 
cracking” because the phenomenon is stress de- 
pendent. 

The susceptibility of most constructural steels 
to sulfide-stress cracking can be minimized, tt 
not eliminated, by appropriate heat treatment 
which must include tempering at not less than 
1100 F and by limiting the maximum mechanical 
properties to predetermined levels. When the 
use of high strength metals is unavoidable, cet- 
tain nonferrous alloys, which thus far have indi- 
cated a high degree of insensitivity to the phe- 
nomenon, are suggested. 


The Complexity of Oil and Gas Corrosion hy H. 
E. Waldrip and J. A. Rowe, Gulf Oil Corp.; 
Houston. ; s 

There is sometimes a tendency to over-simplify 

certain types of corrosion. It has been fairly 


(Continued on Page 96) 
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well accepted that oil and gas corrosion is 
caused by acid gases, organic acids, etc. There 
has not Ree too much written about some of 
the limiting factors. Sometimes there are two 
wells with seemingly identical conditions; one 
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is corrosive and the other is not. Or, one group 
of wells responds to a certain type of treatment 
and another similar group does not. The WHY 
is sometimes rather difficult to explain. 

The effect of oil-water ratio, oil wettability, 
protective films, producing characteristics, etc., 
are discussed. The history of inhibition is dis- 
cussed. 

There is a need for continued testing and 
development in order to better understand the 
mechanism and control the rate of corrosion._ 


Impervious Graphite Shell and Tube Exchangers 
by J. F. Revilock, National Carbon Co., Div. 
Union Carbide Corp., Cleveland. : 

The paper reviews the development of impervi- 

ous graphite shell and tube heat exchangers 

over the past twenty years. Such factors as 
design standardization, improved construction 
details, the increase in the size available (areas 
from 16 to 3600 square feet) and the large cost 
reduction effected are discussed. Comparisons 

are made relative to present day costs of im- 

pervious graphite exchangers to cost 5 to 10 

years ago and to costs of alloy exchangers of 

equivalent construction and area. 

Some actual applications are presented which 
show that impervious graphite is an economic 
and practical material of construction for shell 
and tube exchangers used in conditions which 
are only moderately corrosive. 


Relative Corrosion Resitance of 200 Series and 
300 Series Stainless Steels in Chemical Plant 
Field Tests by A. C. Hamstead and L. S. Van 
Delinder, Union Carbide Chemicals Co., South 
Charleston, W. Va. : 

Data are presented showing the comparative 

corrosion resistance of the chromium-manganese- 

nickel stainless steels (200 Series) with the 
austenitic chromium-nickel grades (300 Series) 
in a variety of chemical plant process solutions. 

Most of the tests were conducted for prolonged 

exposures in chemical process equipment. 

Results of tests conducted using several ex- 
perimental compositions, as well as the stand- 
ard AISI compositions of the 200 Series, have 
indicated that these materials may be utilized to 
good advantage in chemical service. In general, 
where the corrosive environment is not severe, 
the resistance of the 200 Series alloys is equal 
to that of the 300 Series. In services where 
product purity is of primary concern, it is indi- 
cated that these materials may be substituted 
ed the more strategic, higher-nickel containing 
alloys. 

Test data are also presented showing that in 
certain very corrosive environments the 200 
Series alloys have much better corrosion re- 
sistance than the 300 Series alloys. 


You Show Us How—We’ll Do It by F. W. 
Gartner, Jr., F. W. Gartner Co., Houston. 
The many problems that arise from a set of 
painting specifications are sometime amusing 
and yet can be very serious to the outcome and 
type of job the engineer receives. Who is quali- 
fied to call himself an applicator and what are 
you as the buyer doing to help him bring his 
standards of work up? Do most write specifica- 
tions, then when the job is awarded forget 

them? 


Y> No Electrolysis 
with MAY CO dielectric 


couplings and unions! 





Joining dissimilar metals? Install MAY- 
CO Nylon Insulated Dielectric Fittings. 
They give positive protection, inexpensive 
enough for every job. Proven by the mil- 
lions—able to withstand 230° F. and pres- 
sures up to 1000 lbs. Order from your 
jobber now! 


May ComPANY 





GALESBURG, ILLINOIS 


Makers of famous MAYCO Nylon Dielectric Bushings 
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POSITIONS WANTED 
and 
AVAILABLE 


@ Active and Junior NACE members and 
Companies seeking employees may run 
without charge two consecutive advertise. 
ments annually under this heading, not 
over 35 words set in 8 point text type. 


@ Advertisements to other specifications wi 
be charged for at $10 @ column inch, ” 





Positions Available 
onaesnneaieniaanieinemtneapaindninanenemnesesniaiae 


Corrosion Engineers: Outstanding op- 
portunity for college graduates with re- 
cent field experience, as sales repre. 
sentatives for new chemicals division of 
progressive company. Tuf-Plate Corro- 
sion Inhibitors, related chemicals and 
processes. Age 27-33. Write Cherokee 
Laboratories, Inc. CORROSION, Box 
57-12. 


Houston Firm offers a real opportunity 
for an engineer experienced in cathodic 
protection to conduct and expand an en- 
gineering program. Individual initiative 
leads to an executive career and financial 
rewards, Travel required. CORRO- 
SION, Box 57-13. 


Corrosion Engineer. Needed for labora- 
tory and field studies of corrosion prob- 
lem in the Gaseous Diffusion Industry, 
Studies will include effects of a number 
of environments on existing and pro- 
jected new designs. Send resume to 
Goodyear Atomic Corporation, Employ- 
ment Department C, P. O, Box 628, 
Portsmouth, Ohio. 


UNLIMITED OPPORTUNITY AVAILABLE 

as representative of nationally advertised industrial 
marking Paintstiks. Sold to Industrial Distributors 
exclusively. Extensive national advertising campaign 
constantly furnishes sales leads to be contacted, In 
reply, please describe your territory and names of 
aor represented. Write CORROSION, 
ox 57-16. 


MANUFACTURERY 
REPRESENTATIVE 


Corrosion Resistant Products 


NEW ENGLAND TERRITORY 


Excellent opportunity for an established Manufac- 
turers’ Representative to represent a nationally known 
chemical manufacturer in New England. Products are 
a complete line of chemical corrosion resistant 
cements and coatings. Prefer an agent with experience 
in related product lines. Write stating experience, 
lines handled, territories traveled, etc., in first 
letter to: 


CORROSION, BOX 57-15 








Positions Wanted 





Corrosion Engineer—12 years’ experi 
ence pipeline industry. Experience 1- 
cludes 5 years as head of communica 
tions and corrosion department. Now 
located in Southwest, but interested in 
any position paying $10,000 or more pet 
annum. CORROSION, Box 57-11. 


Corrosion Engineer with five and onet- 
half years’ experience in the design, 
application and supervision of corrosion 
program on pipe lines and city distribu- 
tion system. Interested in making move. 


CORROSION, Box 57-14. 
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THESE TESTS PROVE 


CORBAN PREVENTS 
CORROSION BEST 


Many methods of stopping corrosion have been 
tried. Corban®, developed by Dowell, is proving 
to be both effective and economical. The tests 
at right show the actual results that have been 
realized with Corban. 

Test Corban on your own corrosive wells. 
You'll find that proper application of Corban will 
result in money-saving reductions in equipment 
failures — time and again! 

Field experience has proved that Corban 
extends the life of tubing, casing, fittings, and 
valves. It also saves time and production by 
helping avoid workovers necessitated by corrosion- 
damaged equipment. 

Corban, a polar-type inhibitor, is carried 
throughout the well by the oil or brine, coating all 
metal surfaces. This durable coating shields the 
casing, tubing, valves, fittings, and pumping equip- 
ment against corrosive agents. Corban is easy 
to use —does not aggravate emulsion problems. 
It is available as a “ready-to-use” liquid, a con- 
centrated liquid, or in stick form; also in several 
formulas to meet any specific well requirements. 

Let us recommend a program of well treatment 
designed especially for your wells. Call any of 
the 165 Dowell offices in the United States and 
Canada. In Venezuela, contact United Oilwell 
Service. Or write Dowell Incorporated, Tulsa 1, 
Oklahoma. 





soy 


20 


CORROSION RATE 
(mils per year) 













200; 
175 
150 


—— RATE 
iron parts per 
million) 

mn won S PD 
wn oOo wn oOo on 


oS 


«== NO INHIBITOR 
“= USING CORBAN 





sci, | | 


TIME IN MONTHS 


STANDARD TEST uses metal strips 
inserted in wellhead or tubing. 
Surface penetration or weight loss 
indicates degree of corrosion. 
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FLUID ANALYSIS is quick test of 
corrosion in gas condensate wells. 


Chart shows parts per million of 
dissolved iron in water sample. 








you can depend on 





A SERVICE SUBSIDIARY OF THE DOW CHEMICAL COMPANY 
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Technical Program and Committee Meetings, Oklahoma City, Oct. 1-4 





T-1B | T-38 
Condensate Well | Corrosion of Petro- 
Corrosion leum Refinery 

Equipment 
| T- -3D- 1 | T-2J 
Electrical Holiday | Wrappers for Under- 
A.M. | Inspection of | ground Pipe Line 

Coatings | Coating 


|  T- 2K 

| Prefabricated 
| Plastic Film for 

Pipe Line Coating 


TUESDAY 


| T-1F 
Houston Corrosion | Metallurgy 
Coordinating Com- | T-1F-1 
mittee | Sour Stress Crack 


| Sweet Stress Crack 


T-2B 


WEDNESDAY 


| Current 


| 


THURSDAY 


19 Papers Scheduled for Golden Triangle Meeting 


Anodes for Impressed | 


| T- 2D 
| Standardization of 


T- 5E | T-6A | T- 1 
| Stress Corrosion | Organic Coating & Corrosion In Oil 


Procedures for Meas-| Cracking of Austen- Linings for Resist- & Gas Well Equip- 


uring Pipe Coating 
Leakage Cond. 


T-6B 
| Protective Coatings 
| for Atmospheric 
| Corrosion 


| T- 2F 
Internal Corrosion 
of Crude Oil Pipe 
Lines & Tanks 


T- 1H 
Oil String Casing 
| Corrosion 


| | 


Corrosion of Oil 
& Gas Well Prod. 
Equipment in Off- 


shore Installations 


Six Symposia Are ae 


Arranged for 


Thursday, November 14 by D. S. Hibbard, American Brass 
Protective Coatings Symposium— Co., Buffalo, N. Y. 


Pittsburgh Session George Seagren, chairman; Mellon Instruments Symposium — Francis 


Institute, Pittsburgh. 


Nineteen papers in six symposia have Surface 


been scheduled for the November 12-14 H. Cogshall, 
Golden Triangle meeting of Northeast Corp., e : 
Region. All symposia are to be held A Modern Approach to Corrosion Pre- facturers Light & Heat Co. Pitts- 
on November 13 and 14. vention Through Protective Coatings burgh. 

A tentative program of the formal by H. W. Howard, Shell Chemical Instruments for Electrochemical Map- 


Preparation Techniques by J. neer, Narberth, Pa. 
Pennsalt Chemicals Development of the Redox Prob—Field 


Philadelphia. 


technical papers has been prepared as = Co., Cleveland. 
ts 2 SE ee ae Poe Z 1 ) y ; 
follows: Search for Steam Resistant Coatings by Francis, Armour Research Founda- 


E, G. 


Wednesday, November 13 _nology, 


Underground Corrosion Symposium— Corrosion Protection of 
by Organic Coatings, 


C. A. Erickson, chairman; Peoples < 
Natural Gas Co., Pittsburgh. (Pro- afe 
gram sponsored by the Western Penn- 


Bobalek, Case Institute of Tech- 


Cleveland. 


Harbor Water 


Conestoga, Pa. 


itic Stainless | ance to Chemical | ment 
Steel | Corrosion 


T-5C-1 | T-2C | T-1 
| Corrosion by Cooling | Minimum Current A: 30 to 3:30 
Waters | Requirements |— — 


| Sour Oil W ell 
| Corrosion 


| | ———__ 
T-6E T-1K - 'T.3G 
| Protective Coatings | Inhibitors for Oil | | Cathodic Protection 
in Petroleum Pro- | & Gas Wells 
duction 





Ts 7D | T-6D T- 8 
| South Central Region | Industrial Mainten- Corrosion of Petro- 
Corrosion Coordi- | ance Painting leum Refinery 
nating Committee | Equipment 


| M arine Corrosion | Process Industry | Corrosion in the 
| Symposium | Symposium Gas Distribution 
| | Industry Sympos- 
| ium 
| 
| Process Industry | Cathodic Protec- 
Symposium | tion Symposium 


Proctective Coat- |; Gi & Gas Produc- 
ings Symposium tion Symposium 








S. Steel Corp., Corrosion of Copper and Copper Alloy 
Heat Exchanger Tubes on Exhaust 
Condensers in Steam Power Plants 


Ringer, chairman; Consulting Engi- 


Techniques by Roger McBey, Manu- 





ping of Corrosion Currents by H. T. 


tion, Chicago. : 
A paper by H. C. O’Brien, Jr., Royston 


Dake. RL 5 r 
Power Plants Laboratories, Inc., Blawnox, Pa. 


by P. M. Hess, 


Fewer CoP» A® Attend Calgary Section 


sylvania Corrosion Committee.) _ New Metallurgical Developments Sym- Second Meeting June 3 


Visual Demonstration of Corrosion posium—Herbert 


Processes by George C. Cox, Charles- U.S 


ton, W. Va. : A paper 
Cathodic Protection and Weather by Corp., 
of Metallurgical Factors on Re- bers and guests. J.. G. Parr, Pre 


F. E. Costanzo, Manufacturers Light Effect 


Phelps, chairman; 


Steel Corp., Monroeville, Pa. The second meeting of the newly 
by John Halbig, Armco Steel formed Calgary Section held June 3 
Middletown, Ohio. was attended by ee 46 men- 


_& Heat Co., Pittsburgh. . sistance to Corrosion 
Corrosion, Cathodic Protection and Alloys by D. O. Sprowls, Alcoa Re- Metallurgy, University of Alberta dis- 


Common Sense by Bernard Husock, sez 
3 earch 


Laboratories, 


Harco Corp., Cleveland. ton, Pa. 


Corrosion Problems in the Chemical 
Industry Symposium—Howard Trus- 
ler, chairman; Pittsburgh Coke & 


Pa: 


of Aluminum fessor in the Roa of Mining and 


New Kensing- cussed the fundamentals of corrosion 


Dr. Parr’s address was well received. 


A Paper by William Renshaw, Alle- The good representation at the meet- 
gheny-Ludlum Steel 
ridge, 


Co., Bracken- ing of industry in the Calgary area 
indicates a large growth of the section — 
in the coming year. 


Chemical Co.. New York. Corrosion in the Power Industry Sym- 


Design Related to the Application of posium—Joseph 
Protective Coatings by K. G. LeFevre, Elliott Company, 


Cameron, chairman; Kansas City to Be Site 


Jeannette, Pa. 


Metalweld, Inc., Philadelphia. ; Chemical Means of Controlling _Corro- Of 1962 NACE Conference 


Protective Coating Standardization in sion in Power Plants by D. E. Noll, 


a Multi-Plant Chemical Operation by Hall Laboratories, 


S. W. Mcllrath, Diamond Alkali Co., Fundamentals of Liquid 


Cleveland. sion 


Evaluation of Corrosion Data by Math- National 
ematical Statistics by V. V. Kendall, Tenn. 





Pittsburgh. Kansas City has been selected as the 


Metal Corro- site for the 1962 NACE Conference ant 


by W. D. Manly, Oak Ridge Exhibition by the NACE executive com 
Laboratories, 


Oak Ridge, mittee at a meeting in Denver during 
July. 
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Entire Afternoon Set Aside for Visiting Exhibition 


Part of Technical 
Program Is Shitted 
At San Francisco 


The whole of Tuesday afternoon and 
evening, March 18, through the annual 
Fellowship Hour has been set aside for 
exhibitors at the NACE 14th Annual 
Conference and Exhibition. The tech- 
nical program originally scheduled for 
the afternoon has been moved to Mon- 
day afternoon. 

It also was decided, in response to 
many requests by exhibitors that the 
closing hour of the exhibition would be 
set at 5 pm Thursday, March 20, giv- 
ing the whole of the following day to 
moving out. This means the hours of 
the exhibition now are: Tuesday, March 
18 through Thursday, March 20, 9 am 
to 5 pm. 

Visits To Be Encouraged 

Because of the growth of multiple 
technical symposia and the concurrent 
holding of numerous technical commit- 
tee meetings at NACE conferences, 
time available to visit the exhibition 
has been progressively reduced. Popu- 
larity of these technical sessions has 
been such that many registrants were 
unable to find sufficient time to make 
a thorough inspection of the exhibition. 

The change in programming is ex- 
pected to accomplish several things. 
First, the entire free afternoon gives 
everyone a chance to spend several 
hours on the exhibit floor. Second, even 
if it proves impossible to visit all ex- 
hibits in the free afternoon, at least it 
will be possible to locate exhibits that 
need to be seen so they can be visited 
later. 


$ 


Early Closing Favored 
Experience at most NACE national 
meetings has been that the half-day 
Friday morning exhibition hours have 
not been popular either with registrants 
or with exhibitors. Many are making 


preparations to leave, and the triple 
technical sessions scheduled for Friday 
morning at San Francisco are expected 
to attract a major part of attention. 

Exhibitors generally are expected to 
favor the added half-day allocated to 
taking down the exhibits and moving 
out. 

Contracts Being Prepared 

Contracts showing the exhibition area 
of 108 booths—10 feet square, are being 
prepared for early mailing. A descrip- 
tive brochure to accompany contracts 
will have more information about the 
NACE exhibition this year than ever 
before. 

Companies interested in the associa- 
tion’s first West Coast exhibition may 
get copies of brochure and contract by 
writing to Central Office, 1061 M & M 
Bldg., Houston. 


Jackson Accepts Post 
On Aircraft Symposium 


Royal B. Jackson, Chief of En- 
gineering Laboratories, Northrop 
Aircraft, Inc., Hawthorne, Cal. has 
accepted co-chairmanship of the Air- 
craft Industry Symposium at the 
NACE 14th Annual Conference at 
San Francisco next March. 





Genesee Valley Section 
Holds Business Meeting 


A: business meeting of Genesee 
Valley section was held May 14 at the 
Rochester Gas & Electric Company 
Auditorium, with approximately 20 at- 
tending. Jack Falconer of Alcoa pre- 
sented a film on “The St. Lawrence 
Seaway.” A business meeting preceded 
the film at which time section officers 
for the coming year were elected. 


Habben Accepts Housing 
Post at San Francisco 


L. E. Habben, manager of stainless 
steel and alloy sales for Jos. T, Ryer- 
son & Son, Inc. Emeryville, Cal, ‘has 
been named chairman of the Housing 
Committee for the 
NACE 14th Annual 
Conference and Ex- © 
hibition at San Fran- — 
cisco. Mr. Habben, © 
a graduate of Uni- 
versity of California, 
3erkeley, will have 
charge of arrange- 
ments for rooms and 
other details connect- 
ed with housing. 

A layout Por 
booths at the Civic 
Auditorium has been 
completed. The contract, together with 
a reproduction of the booth arrange- 
ment and a descriptive brocure are now 
in preparation. 

A. E. Storm, Tidewater Oil Co., pub- 
licity chairman said he is selecting a 
staff to handle local publicity and con- 
duct a personal contact progrom to in- 
form the maximum number of persons 
about the coming conference. 

While all necessary papers have been 
committed in some symposia officials 
of several others indicate they want to 
see additional papers for presentation 
during the meeting. A list of the open 
symposia, with the names and addresses 
of their chairmen is published in this 
issue. 


50,000 Nuclear Engineers 


An estimated 50,000 nuclear engineers 
will be needed during the next decade, 
according to information at a symposium 
June 10 at the Seattle national meeting 
of American Institute of Chemical Engi- 
neers. 





Habben 


Additional Technical Papers Needed for San Francisco Conference 


Additional papers will be considered for presentation at symposia listed here to be given at the March 17-21, 
1958 14th Annual Conference at San Francisco. Ellis D. Verink, Jr., Aluminum Company of America, New 
Kensington, Pa. Technical Program chairman, reports that while some symposia have been filled, chairmen of 
others indicate they will consider additional papers. Those interested are invited to communicate directly 


with symposia chairmen. 


AIRCRAFT INDUSTRY Symposium 


F. T. Wood, Jr., Chairman 
Douglas Aircraft Co., Inc. 
3000 Ocean Park Blvd. 


Santa Monica, California 


CATHODIC PROTECTION Symposium 


W. E. Huddleston, Chairman 
Huddleston Engineering Company 
Box 998 

Bartlesville, Oklahoma 


CHEMICAL INDUSTRY Symposium 
R. E. Gackenbach, Chairman 
American Cyanamid Company 
Organic Chemical Division 
Bound Brook, New Jersey 


CORROSION PRINCIPLES Symposium 
R. C. Weast, Chairman 
Case Institute of Technology 
10900 Euclid Avenue 
Cleveland, Ohio 
GENERAL CORROSION Symposium 
W. G. Renshaw, Chairman 
Research Chemist 
Allegheny Ludlum Steel Corporation 
Brackenridge, Pennsylvania 
PIPELINE GENERAL Symposium 
R. J. Emerson, Chairman 
El Paso Natural Gas Company 
Box 1492 c/o City Gate Street 
El Paso, Texas 
PROTECTIVE COATING Symposium 
N. H. Burnett, Chairman 
230 S. 187th Street 
Seattle, Washington 


REFINERY INDUSTRY Symposium 
R. W. Manuel, Chairman 
Socony Mobil Oil Company, Inc. 
150 East 42nd Street 
New York, New York 


UNDERGROUND CORROSION 
COORDINATION Symposium 
C. A. Erickson, Jr., Chairman 
The Peoples Natural Gas Company 
2 Gateway Center 
Pittsburgh, Pennsylvania 


UTILITIES INDUSTRY Symposium 
D. R. Werner, Chairman 
American Telephone & Telegraph Company 
324 East 11th Street 
Kansas City, Missouri 
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More Free Time Added for Visiting 
Exhibits at San Francisco Meeting 
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EKXHIBITION 


CIVIC AUDITORIUM, SAN FRANCISCO, CAL. 


MARCH 18-19-20, 1958 





Afternoon of March 18 Devoted Exclusively to Exhibition 


Focus Attention on Your Produets at 
This National NACE Conferenee 





Write Today for Descriptive Brochure and Contract to 


NACE, 1061 M& M BLDG., HOUSTON 2, TEXAS 
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1956 CORROSION CONTROL REPORTS TO ISCC 





Activities in 11 Nations by Workers 
On Corrosion Control Reported 


Members of the Inter Society Corrosion Committee Subcommittee on 
Relations with Foreign Technical organizations have made the following 
reports on corrosion control activities in their respective countries. These 
reports were collected by F. L. LaQue, The International Nickel Co., Inc., 
New York, formerly chairman of the sub-committee. 


AUSTRALIA 


By A. G. Sussex 
Defense Research Laboratories, 
Commonwealth 8 Australia, 
Victoria, Australia 

The first Association in Australia for 
discussion of corrosion topics was estab- 
lished in the beginning of 1955 in Mel- 
bourne and after two years member- 
ship is about 150. Nine technical meet- 
ings have been held each year and the 
Australian Association for Corrosion 
Prevention is now on a firm basis. Ar- 
rangements are almost complete for the 
establishment of a branch of the asso- 
ciation in Sydney and there is every 
prospect that a similarly active and 
strong group will be formed in this city. 

A symposium on corrosion was held 
in Melbourne, Victoria, in December, 
1955, with the full cooperation of the 
major academic institutions and most of 
the professional institutes. This was the 
first symposium on this subject to be 
held in Australia and was very gener- 
ously supported by industry. Some 30 
pre-printed papers were discussed in 
eight technical sessions, the average at- 
tendance per session being around 150. 
The papers and discussion were printed 
in a book “Corrosion—A Symposium— 
1955.” 


BELGIUM 
By M. Pourbaix 


Cebelcor, Brussels 

Activities of Centre Belge d’Etude de 
la Corrosion were substantially as fol- 
lows: 

1. With the support of the Institute 
for the Encouragement of Scientific Re- 
search in Industry and Agriculture and 
the Mining Association of High Ka- 
tanga, the following activities have been 
pursued: Preparation of an atlas of elec- 
trochemical equilibria, publication of 
tables of free enthalpies of standard 
formation, publication of lectures on 
electrochemical corrosion. 

2. Several reports on electrochemical 
behavior of nickel, tin, vanadium, ura- 
nium, tungsten and tellurium. A table 
of free enthalpies. A free examination 
course on chemical equilibria in the 
presence of aqueous solutions. 

3. Technical committees are working 
on cathodic protection and descaling 
methods. 

4. Cebelcor helps by interne training 
of corrosion workers from industrial 
plants. 

5. Help is given in organizing corro- 
sion control departments in plants. 

6. In 150 instances advice on corrosion 
control has been given in such areas as 
passivation of steel, corrosion of rein- 


Highlights of Corrosion 
Activity Abroad Given 


Outstanding among the corrosion con- 
trol activities reported from abroad to 
the Inter Society Corrosion Committee 
are: 


Australia—Australia Association for 
Corrosion Prevention expects to organ- 
ize local branches at Sydney and 
Victoria. 


Belgium—Cebelcor continues its con- 
centration on electrochemical equilib- 
ria and free enthalpies. 


Denmark—Products of bacterial decom- 
position of cable compounding mate- 
rials are believed to be corrosive to 
lead. 


France—New alloy steel well tubing re- 
sistant to stress corrosion cracking 
facilitates gas production at Lacq 
field. 


Germany—Corrosion control activity cov- 
ers underground cables, packaging, 
AC corrosion, films, measurements, 
metal coatings, tankers and mine 
effluents, 


Italy—Electrochemical behavior of sin- 
gle crystals is being investigated. AC 
corrosion is being probed at Milan. 

Japan—Numerous investigations related 
to metals, electrochemical phenom- 
ena and cathodic corrosion of lead 
cable sheaths. 


New Zealand—Cathodic protection of 
geothermal steam bore casing is being 
tested. Corrosive effect of timber 
treating chemicals also being probed. 


Spain—The Chemical Association of 
Spain established a corrosion section. 
Spanish manufacturers are accepting 
newer plastic paints despite higher 
cost. 


Switzerland—Investigations of corrosion 
problems of automobiles and telephone 
cables published. 

United Kingdom—Public utilities are 
coordinating cathodic protection 
schemes through a Joint Technical 
Panel. 





forcement of concrete, hydraulic installa- 
tions, water conditioning, water heating 
coils, automobiles, ships’ hulls, surface 
coatings and others. 

7. Members have participated in nu- 
merous international meetings of corro- 
sion workers. 

8. About 70 periodicals and numerous 
other publications are abstracted and in- 
dexed for the use of members. 
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Delahay Heads Foreign 
Relations Subcommittee 


Paul Delahay, Louisiana State Unj- 
versity, Baton Rouge, a delegate to the 
NACE Inter Society 
Corrosion Commit- 
tee trom the Amer- 
ican Chemical So- 
ciety, has been 
named chairman of 
the committee’s sub- 
committee on rela- 
tions with foreign 
technical organiza- 
tions. Mr. Delahay 
succeeds F, |. 
LaQue, The Inter- 
national Nickel Co,, 
Inc., New York, who 





Delahay 
was instrumental in organizing ISCC, 
is a past chairman of the group and who 
tor the past several years has been chair- 
man of the foreign relations group. 

Mr. Delahay’s committee collects from 
correspondents to ISCC an annual re- 


port of corrosion control activities in 
their respective countries. Reports from 
eleven countries appear in this issue of 
CORROSION. 


DENMARK 


By E. Knuth-Winterfeldt 


Technical University in Copenhagen 





Activity has been limited to the spe- 
cial committees of the Danish Academy 
of Technical Sciences as summarized 
below. No major meetings or symposia 
have been held. 

Committee on Internal Corrosion of 

Domestic Water Pipes 
Extensive laboratory research on the 
effect of inhibitors, especially phosphates 
and mixed inhibitors, on the polarization 
characteristics of iron, is conducted at 
the Chemical Department of the Tech- 
nical University of Denmark. 
Committee on High and Low Tempera- 

ture Corrosion Oil-Fired Boilers 
The Committee is conducting field- 
trials on the effect of blowing Dolomite 
powder into oil-fired boilers (3-4 kg 
Dolomite per ton of oil), and 2) intro- 
ducing ammonia gas (NHs) in the 
upper, colder part of the boiler. 

Effect of the composition of the weld 
metal in relation to that of the mild steel 
of the boiler on corrosion by sulfuric 
acid is investigated. 

Committee on Corrosion of 

Lead-Sheathed Cables 
Bacterial decomposition of constituents 
of the cable compounding materials by 
Pseudomonas Aeruginosa is investigated. 
Decomposition products are believed to 
be corrosive to lead. 

Committee on Corrosion in Gas Works 
This committee was formed by the As- 
sociation of Danish Gas Works in 1956. 
The committee has sent out question- 
naires to collect information on common 
problems, e.g. materials for troughs and 
gutters on gas works, painting of struc- 
tural steel, and descaling of boilers. 

In one case magnesium anodes have 
been used for the protection of water 
seals of telescopic gas holders. 

(Continued on Page 104) 
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Activities in— 


(Continued From Page 102) 


FRANCE 
By G. Chaudron 


University of Paris 

M. E. Herzog has made investigations 
concerning fissuring corrosion of mild 
and alloyed steels under tension and 
H:.S. These investigations have had ex- 
treme importance for the French econ- 
omy, because his work has made pos- 
sible the extraction of the de Lacq gases 
in the Pyrenees. (See Corrosion, April, 
1957, page 263t.) 

M. Hatwell has investigated inter- 
crystalline corrosion of stainless steels 
and M. Montariol very high purity alu- 
minums. 

Extensive research has been done on 
the dry oxidation of metals under the 
direction of Professor Bénard. 

Investigations have been made by M. 
Herenguel and his collaborators, in par- 
ticular on the oxidation of hot zirconium. 

Notable also are the investigations 
made in the laboratories of Professor 
Lacombe of the School of Mines and 
of M. Trillat at the Bellevue Laboratory. 

It seems that research in France on 
the corrosion of metals is making a new 
start. At the following two congresses, 
French contributions have been numer- 
ous and important: Colloquim on the 
surface reactions of gases on metals, 
organized by the Society of Physical 
Chemistry, Paris, May 29-June 6, 1956, 
and First European Congress on Corro- 
sion, Paris, November 18-24, 1956. 


GERMANY 


By Prof. Dr. G. Schikorr 
Chemische Landesunter Suchung 
Sanstalt, Stuttgart 

The German Industrial Association of 
Gas and Water Specialists/The German 
Electric Engineers Society published 
theses on the protection of pipelines and 
cables against electric earth currents and 
also individual reports on this subject. 

The Advisory Board for Overseas 
Transport took part in a trip to Africa 
in which the humidity in ships and the 
corrosion protection of the packaged 
metal merchandise was observed. 

The Corrosion Department of the 
German Industrial Division of the In- 
ternational Research Association for 
Water and Sewage concluded investiga- 
tions on alternating current corrosion in 
the range of frequencies of 0.05 to 50 Hz. 

The reports concerned with funda- 
mental corrosion research from the 55th 
General Meeting of the German Bunsen 
Society for Physical Chemistry will be 
treated under other discussions on the 
physical-chemical reactions of metal 
surfaces. 

The German Association for Chemi- 
cal Apparatus (Dechema) established 
special committees on the following sub- 
jects: Metallic non-galvanic coatings, 
galvanic coatings, nonmetallic inorganic 
coatings, synthetic materials and lac- 
quer, enamels, masonry and cement, in- 
hibitors. They have proceeded with the 
publication of the “Dechema-Materials- 
Tables” up to “Diglycolacids,” so that 
there are now 1200 pages. 

The Corrosion Committee of the Ger- 
man Metallurgy Association published 
the proceedings of the meetings of last 
year under the title, “Passivating Films 


and Coatings. Corrosion of Coatings. 
Mechanism of Formation and Their 
Methods of Protection Against Corro- 
sion.” 

The German Standardization Com- 
mittee, Special Materials Investigation 
Committee correlated into the Indus- 
trial Committee’s “Corrosion and Corro- 
sion Prevention” pages on: measure- 
ments of corrosion, investigation of Al 
alloy susceptibility to stress corrosion, 
the quality of Ni salts for Ni baths and 
investigations of electroplated metal 
coatings. Industrial Committee’s Enamel 
Studies on enamel coatings were also 
used. 

The Water Chemistry Committee 
worked out methods of examining cor- 
rosion by water and fuel and its pre- 
vention in heating plants. 

The Technical Ship Builders Associa- 
tion, Corrosion and Growth Investiga- 
tion Committee held a two-day public 
meeting on tanker corrosion. The Sub- 
committees “Paint” and “Growth Pre- 
vention” developed methods for preven- 
tion of corrosion on ships by painting. 

The Coal Mining Construction Asso- 
ciation’s Corrosion and Protection Com- 
mittee concluded 6 years’ investigation 
on the methods of rust prevention on 
protected and unprotected steel and cast 
iron plates in waters and solutions found 
in coal mine construction, 


ITALY 


By R. Piontelli 
Politechnico di Milano 


Research 


Fundamental. In the Laboratory of 
Electrochemistry, Chemical Physics and 
Metallurgy systematic researches on the 
electrochemical behavior of metallic 
single crystals are now carried out 
thanks to the financial support of the 
ARDC-USAF through the European 
Office in Brussels. 

Several papers are now in print or in 
preparation. ‘‘Technical Notes” on the 
electrochemical behavior of tin, cad- 
mium, gold, silver, zinc have been issued. 
The electrochemical behavior of nickel, 
iron, lead, copper, titanium (some of 
them also in form of single crystals) 
and of some typical alloys is now 
studied. The behavior of metals in 
melted electrolytes and non-aqueous 
solutions is also actively investigated 
especially for what concerns passivity 
conditions. Work on metallic single 
crystals is developed also in the Ferrara 
University (Prof. L. Cavallaro). 
Practical. Corrosion phenomena of vari- 
ous metals by alternate current in dif- 
ferent conditions are now being investi- 
gated in the Milan Laboratory. 

Meetings 

In some meetings of the Commission 
for corrosion of the National Council for 
the Research (C.N.R.) (President: Prof. 
Ing. B. Focaccia; Vice President: Prof. 
Ing. M. Jacopetti) the problems of un- 
derground corrosion have been actively 
discussed. 

In the annual meeting of the A.I.M. 
(Associazione Italiana di Metallurgia) a 
group of papers has been presented con- 
cerning electrochemistry of Metals and 
corrosion, and in particular: L. Caval- 
laro: Ten Years of Research Work on 
Corrosion in Italy; R. Piontelli: Ten 
Years of Research Work on Electro- 
chemistry of Metals in Milan; G. Serra- 
valle, U. Bertocci: Electrochemical Be- 
havior of Tin. ; 

The whole set is now in print (‘“Metal- 


Vol. 13 


lurgia Italiana”). Professor M. Jacopett; 
represents Italy in the constitutive Board 
of the European Union for Corrosion 
(Union Europénne de la Corrosion) 


JAPAN 
By T. Fujiwara 


ICI (Japan) Ltd., Tokyo 


Featured activities of the groups and 
individuals devoted to the study of cor- 
rosion for 1956 are described as follows: 


The Corrosion Committee of the Japan 
Society for Promotion of Science (Dr. 
K, Ishimura, chairman; Y. Yamamoto, 
H. Shigeno) has made investigation on 
the following subjects. 

1. Protective film produced on the sur. 
face of titanium in hydrochloric acid, 

2. Corrosion and pasivity of iron in 
nitro-sulfuric acid. 

3. Corrosion resistance of high chro- 
mium steels and aluminum alloys in an 
acid river water. 

4. Mechanism of stress corrosion 
cracking of brass. 

5. Corrosion inhibitors with aliphatic 
amines as base. 

6. Performance of pure zinc, Al-Zn 
alloy and amalgamated aluminum used 
as galvanic anodes, with particular ref- 
erence to amalgamated Al as a boosting 
anode. 


The Research Institute for Metals of 
Tohoku University (Dr. S. Morioka in 
charge) has made investigations on the 
following subjects: 

1. Effect of an addition of alloy ele- 
ments vs carbon contents upon passivity 
of Fe-Cr, Fe-Ni and Fe-Cr-Ni alloys. 

2. Relation between electrochemical 
properties and corrosion of titanium. 


The Electrochemical Laboratory of 
Hokkaido University (Dr. G. Okamoto 
in charge) has made investigation on the 
following subjects: 

1. Application of a rapid method to 
the measurement of polarization of vari- 
ous corroding metals such as Fe, Al, Zn, 
Mg and stainless steel. 

2. Measurement of the rate of de- 
terioration of painted films by analyzing 
the frequency characteristics. 

3. Electrostatic potential and imped- 
ance measurement of passive films o! 
Ni, Fe and stainless steel. f 

4. Mechanism of cathodic protection. 

5. Mechanism of corrosion of steel in 
boiling sea water. 


The Metallurgical Laboratory of Osaka 
University (Dr. M. Tagaya in charge) 
has made investigation on the following 
subjects: 

1. Microscopic investigation of rust in 
a project on protection of steel products 
from rusting during their transportation. 

2. Study on the mechanism of cathodic 
corrosion of lead cable sheathing in 4 
project on preventing corrosion 0 
buried cables from drained electricity. _ 

3. Study on the method of hot dip 
coating of aluminum on iron and steel. 


Corrosion Symposium Held 
Under auspices of the Japan Chemical 
Society, the Japan Electrochemical So- 
ciety and the Japan Institute for Metals 
a corrosion symposium was held of 
November 27-28, at Osaka, at which the 
following subjects were discussed: 
1. Application of a rapid method to 
the measurement of polarization of vatl 
ous corroding metals. 


(Continued on Page 106) 
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Activities in— 
(Continued From Page 104) 

2. Polarization of Al in a weak acid 
salt solution. 

3. Transformation of passive film of 
nickel. 

4. Activity mechanism of passivator. 

5. Oscillogram of AC current electro- 
lysis of Al. 

6. Characteristics of pure iron plate 
used as anode for cathodic protection of 
the stern. 
7. Performance of zinc anodes in a 
high temperature salt solution. 

8. Characteristics of amalgamated Al 
used as a boosting anode in cathodic 
protection. 

9. Corrosion resistance of Ti alloy. 

10. Corrosion of Al-Cu alloys. 

11. Effect of an addition of Al on the 
high temperature oxidation of Ni and 
Fe. 

12. Dissolution of iron in anhydrous 
phosphoric acid. 

13. Anodic behavior of Pb in sodium 
sulfate solution. 

14. Corrosion of iron by AC current 
electrolysis in acid solutions, 

15. Effect of velocity of fluid on cor- 
rosion of metals. 

16. Behavior of paints in the vicinity 
of anodes in applying cathodic protec- 
tion to ship bottoms. 

17. Influence of cathodic 
the painted film. 

18. Behavior of amine base inhibitors 
in corrosives. 

19. Black Cr-plating. 

20. A new test battery for electrolytic 
plating. 

21. Inspection for corrosion resistance 
of metal by means of S Q surface de- 
tector and dew drop type corrosion test- 
ing apparatus. 


current on 


NEW ZEALAND 


By F. J. T. Grigg 
Dominion Laboratory, 
Wellington, N. Z. 


Activities of the Department of Scientific 
and Industrial Research 

A long-term underground corrosion 
testing program is being continued. 

Investigations using Schwerdtfeger 
potential measurements, electrical log- 
ging of casing and cathodic protection 
in the evaluation and mitigation of ex- 
ternal casing corrosion on geothermal 
steam bores is continuing. It is hoped to 
confirm these investigational methods, 
finally, by pulling and examining old 
bore casings. 

Evaluation of the effectiveness of ex- 
ternal cathodic protection on a floating 
dock hull is in progress. Cathodic pro- 
tection is being applied to inactive naval 
vessels. 

Investigations on stress corrosion of 
austenitic stainless steel in geothermal 
steam, completed in 1956, are the sub- 
ject of a short paper offered for the 1957 
NACE Conference.* Further geothermal 
steam/water corrosion investigations are 
being conducted or planned, on the sub- 
jects of corrosion-fatigue, inhibition, 
hydrogen infusion, sulfide stress corro- 
sion and corrosion by geothermal water 
at 240 C. Corrosion by some phenomen- 
ally aggressive volcanic waters is being 
studied also. (*Corroston, May, 1957, 
page 329t.) : 

Potential measurements are being ap- 
plied to a general investigation of selec- 
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tive corrosion at or near brazed and 
silver-soldered joints in copper tanks 
exposed to various industrial waters. 
Laboratory investigations and_ field 
surveys on intergranular corrosion of 
duralumin-type alloys are in progress. 


Activities by Other Government 
Departments 
A study of corrosive effects of pre- 
servative chemicals in treated timbers 
is being planned by the N. Z. Forest 
Service. 


Commercial Activities 

No systematic corrosion investigations 
are known to have been conducted in 
1956. 


SPAIN 


By E. Jimino 
Spanish Oceanographic Institute, 
Ministry of the Seas, Madrid, Spain 


As industry in Spain grows, the cor- 
rosion problem is getting more and more 
important. During the year 1956, this 
interest has become evident in several 
fields of activity. 

The Chemical Association of Spain 
established a section of corrosion in its 
head department, with many members 
joining. 

In the Iron and Steel Institute works 
concerned with iron corrosion have car- 
ried on some inquiries concerning the 
properties of electrolytic zinc coatings 
and others dealing with accelerators in 
cold phosphatization. 

A group of investigators in the An- 
tonio Rocasolano Institute continues its 
work on electrodic processes and thin 
films. 

At the Institute of Oceanography 
chemical pre-treatment of hull plates 
for their later painting is being studied 
with the aim of improving service life 
of the paint. 

On September 17-22, the 8th Meet- 
ing of the International Committee for 
Electrochemical Thermodynamics and 
Kinetics (CITCE) was held in Madrid. 
Various works on electrodic processes 
being presented by the School of Dr. 
Rius. 

At the European Congress for Corro- 
sion held in Paris November 18-24 a 
work of the Institute of Oceanography 
about variations in density of phosphate 
layers on iron and their protective value 
according to the time employed for their 
production was presented. 

Spanish manufacturers are agreeing 
generally about the importance of the 
vehicle paint and accept paintings based 
on silicons, vinyls, chlorinated rubber, 
etc., in spite of their high prices in com- 
parison with linseed oil paints. 


SWITZERLAND 


By Prof. E. Brandenberger 
Federal Laboratory for Materials Testing 
and Research Institute for Industry, 
Civil Engineering, Arts and Measures 

Reports of the work of Swiss workers 
on corrosion control have been published 
in numerous periodicals in Europe in 
the following, subject areas, among 
others: Complex corrosion processes, 
chemical industry, automobiles, cathodic 
protection, telephone cables. 

© 


More than 10,000 NACE Corrosion Ab- 
stract Cards have been published so far. 
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UNITED KINGDOM 


By T. P. Hoar 
Dept. of Metallurgy, 
University of Cambridge 


_The Corrosion Group of the Society 
of Chemical Industry has continued to 
be the center around which much of the 
discussion and investigation of corro- 
sion has revolved. Regular monthly 
meetings for the presentation of papers 
both original and of the review type, 
have been held in London and else- 
where, A Symposium on Corrosion Pre- 
vention in Packaging and Storage was 
held at Birmingham and the six papers 
then presented provided an opportunity 
for considerable discussion, The Spring 
Lecture of the Group was given by Dr, 
U. R. Evans, F. R. S., who took as his 
subject “Pitting and Cracking.” During 
the latter part of the year, meetings at 
Leeds and at Bristol were devoted to 
papers on stress-corrosion cracking, a 
topic of very great current interest. 

The Education Panel of the Corrosion 
Group promoted an essay competition 
during the year for the encouragement 
of young workers and a gratifying re- 
sponse was obtained. Several of the best 
essays submitted since have been pub- 
lished in the various corrosion periodi- 
cals, 

There has been no decrease in the 
activity of the many laboratories largely 
concerned with corrosion investigation. 

Cathodic protection is becoming still 
more important in the practical field of 
corrosion prevention in the U.K. A 
joint committee of the various public 
utilities having buried metal structures 
is extremely active in coordinating 
cathodic protection schemes and in mak- 
ing recommendations for standardized 
procedure wherever possible, through its 
Joint Technical Panel. 


Nearly all of the technical material pub- 
lished in Corrosion appears nowhere 
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T-1M 


Suggested Coating Specifications 
for Hot Application of Coal Tar 
Enamel for Marine Environment. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing 
Equipment in Offshore Installations. Publica- 


tion No. 57-8. Per Copy $.50. 
T-1M Suggested Painting Specifications 

for Marine Coatings. A Report of 
NACE Technical Unit Committee T-1M on 
Corrosion of Oil & Gas Well Producing Equip- 
ment in Offshore Installations. Publication 
No. 57-7. Per Copy $.50. 
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Appalachian Short 
Course Attracts 


More Than 450 


More than 450 persons registered for 
the Second Annual Appalachian Under- 
ground Corrosion Control Short Course 
June 4-6 at West Virginia University, 
Morgantown. The course, held under 
auspices of the university’s School of 
Mines, consisted of basic and intermedi- 
ate studies on corrosion control and 
was accepted by the American Gas As- 
sociation and endorsed by the National 
Association of Corrosion Engineers. 

A program planned for a_ similar 
course during 1958 will include basic, 
intermediate and advanced courses. 

The following persons were elected to 
the indicated offices by the general com- 
mittee in charge of the course: 

_C. A. Erickson, Jr., People’s Natural 
Gas Co., Pittsburgh, general chairman. 

R. M. Keller, Atlantic Pipe Line Co., 
Philadelphia, program chairman. 

Charles Dey, Koppers Co., Pittsburgh, 
program co-chairman. 

_R. E. Hanna, Jr., W. Virginia Univer- 
sity, Morgantown, secretary-treasurer. 
_M. P. Ellis, Pittsburgh Coke & Chem- 
ical Co., Pittsburgh, exhibits committee 
chairman, 

_A. H. McClain, W. Virginia Univer- 
sity, exhibits committee co-chairman. 

_ George F. Orr, Hill-Hubbell & Co., 
South Charleston, W. Va., publications 
committee, 

J. H. Royston, Royston Laboratories, 
Inc., Blawnox, Pa., publicity committee. 
_ The 36 technical papers presented dur- 
ing the course will be published and 
furnished to registrants. 


*% 
NACE aims to use CORROSION as a 


medium for coordinating corrosion control 
work the world over. 





































APPALACHIAN UNDERGROUND CORROSION CONTROL general committee members were, 
left to right, top row: P. C. Hort, Atlantic Pipe Line Co., Philadelphia; K. E. Sawyer, Western Union 
Telegraph Co., Reading, Mass.; M. P. Ellis, Pittsburgh Coke & Chemical Co., Pittsburgh; J. H. 
Lammert, Jr., Federated Metals Div., American Smelting & Ref. Co., Pittsburgh; R. J. Young, Hill- 
Hubbell & Co., Cleveland; G. G. Campbell, and A. H. McClain, W. Va. University; George F. Orr, 
Hill-Hubbell & Co., South Charleston, W. Va.; W. T. Ferrell, Philip Carey Mfg. Co., Cincinnati; 
L. H. West, Standard Oil Co., Fostoria, Ohio; D. A. Tefankjian, Texas Eastern Transmission Corp., 
Shreveport, La.; W. T. Luttrell, Texas Eastern Transmission Corp., West Chester, Pa.; 

Middle row: T. S. Watson, Socony-Mobil Oil Co., Inc., Plainfield, N. J.; K. R. Gosnell, Godfrey 
L. Cabot, Inc., Charleston, W. Va.; G. Powers, Equitable Gas Co., Pittsburgh; H. W. Hetzer, Union 
Carbide & Chemical Co., Charleston, W. Va.; J. L. Mills, United Natural Gas Co., Oil City, Pa.; 
R. M. Keller, Atlantic Pipe Line Co., Philadelphia; S. C. Jones, Cincinnati Gas & Electric Co.; N. E. 
Cott, Falcon Line Products Corp., Pittsburgh; J. B. Casey, Tapecoat Co., Pittsburgh; W. A. Koehler, 
W. Va. University; W. E. Cook, Jr., Pipeline Service Corp., Glenwillard, Pa.; H. A. Vonderahe, 
Philip Carey Mfg. Co., Pittsburgh; W. J. Kretschmer, Columbia Gas System Corp., Columbus, Ohio. 

Bottom row: C. W. Beggs, Public Service Electric & Gas Co., Newark, N. J.; |. E. Davis, Ohio 
Fuel Gas Co., Columbus; C. L. Dey, Koppers Co., Inc., Pittsburgh; C. A. Erickson, Jr., Peoples 
Natural Gas Co., Pittsburgh; F. E. Costanzo, Manufacturers Light and Heat Co., Pittsburgh; L. F. 
Heverly, Trans-Canada Pipe Lines, Ltd., Toronto; R. E. Hanna, Jr., West Virginia University; 
W. C. Hagmeier, Minnesota Mining & Mfg. Co., Pittsburgh; G. R. Spindler,, W. Va. University; 


W. F. Fair, Jr., Koppers Co., Inc., Pittsburgh. 





Outstanding Service 
Award Given Glaser 


Milton A. Glaser, Midland Industrial 
Finishes Co., Waukegan, Ill. has re- 
ceived an award for outstanding serv- 
ice to the protective coatings industry 
from the Chicago Paint & Varnish Pro- 
duction Club. Presentation was made at 
the June 3 meeting of the club. He is a 
member of Chicago Section, National 
Association of Corrosion Engineers. 

Louis Ludwig, Sherwin-Williams Co. 
received an award for outstanding serv- 
ice at the same meeting. 


Polyethylene Subject of 
Plastics Engineers Meet 


Polyethylene is subject of an October 
17. Regional Technical Conference of 
the Society of Plastics Engineers, Inc. 
to be held at Hotel Carter, Cleveland. 
W. A. Messina, 23817 Cliff Drive, Bay 
Village, Ohio is in charge. 
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National Heat Transfer 
Conference Set August 12-15 


The First National Conference on 
Heat Transfer will be held August 12-15 
at Pennsylvania State University, Uni- 
versity Park, Pa. It is sponsored jointly 
by the Heat Transfer Division of the 
American Society of Mechanical En- 
gineers and the American Institute of 
Chemical Engineers. 

Among the events will be presentation 
of 35 technical papers, inspection of a 
nuclear reactor and industrial exhibits. 


ASTM Committees Seek 
Order Among Cermets 


A group of committees of American 
Society for Testing Materials will co- 
operate in programs designed to estab- 
lish order among the various types of 
cermets now being made and_ used. 
Terminology, classifications and other 
information will be collected. 
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“Blue Sky” Problems Are 
Listed for Inventors 


Nine “Blue Sky” problems advanced 
by the Armed forces of the United States 
were issued as a challenge to inventors 
by the National Inventors Council, U. S. 
Dept. of Commerce, Washington 25, 
2. 

The problems are: 

Non-magnetic Compass. A device 
small enough to be carried by a man on 
foot which can determine true north, 
independently of the earth’s magnetic 
field. Better still, it should enable a 
man to determine his position accurately. 

Explosive Mine Detector. A method 
for locating explosives buried at shallow 
depths below the earth’s surface. Present 
detectors locate the explosive’s con- 
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tainer or signal the presence of a hole in 
the ground. 

Method for Converting Light Into 
Electrical Energy. An invention which 
will convert a small amount of light into 
enough electricity to operate electrical 
equipment. Far greater power output is 
needed than has as yet been supplied by 
solar batteries. 

Snow Track Eraser. A practical means 
of destroying the tell-tale tracks of men 
or vehicles across snow fields. Object is 
to restore original contour of snow field 
to avoid air detection. 

Destructive Ray or Wave. Equipment 
of usable size capable of producing death 
rays effective at 500 yards—without ex- 
cessive power input. Investigations so 
far indicate that a completely new ap- 
proach is needed. 

Universal Track. A 


new method of 


IS CASING CORROSION 
A PROBLEM IN YOUR WELLS? 


This case history tells how three companies stopped external casing 
corrosion on 70 of their oil and gas wells in Western Kansas, It was 
thought that Dakota water was the cause of most of the corrosion. 
The companies called on CSI to survey the wells and determine 
the current requirements for cathodic protection. These ranged from 
0.8 to 3.10 amperes. Then CSI was engaged to complete the job. 
Galvomags, Dow’s high-potential magnesium anodes, were installed 
to protect the casing. CSI furnished all engineering, labor, materials 
and installation equipment, including power augers and ditchers. 


The cost averaged $350 per well—for installations designed 
to give 10 years of protection. The work took 30 days. 


Call or write today for engineering or installation help with your 
corrosion problems—well casing, pipe line, etc. CSI also offers a 
complete line of quality cathodic protection materials at competitive 
prices. Estimates or quotations without obligation. 


CORROSION SERVICES 


P. O. Box 7343, Dept. A-8 


INCORPORATED 


Tulsa, Oklahoma 
Telephone: Circle 5-1351 
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traction for land vehicles for use on lj 
types of terrain. Present steel tank 
tracks wreck paved roads. 

Radical Method for Unlading Ships 
New means of quickly discharging large 
quantities of military supplies from com. 
mercial or military vessels, either over 
the beach or at dockside. 

Vehicle Black-Out Devices. Inyen- 
tions to mask lights, noise and radiation 
from combat vehicles operated under 
cover of darkness. 

_ New Type of Communication. Ap 
ingenious new method of transmitting 
intelligence, non-detectable except by 
the desired receiver. A new principle 
which does not use electrical impulses, 
electro-magnetic waves or sound waves, 


BOOK NEWS 


Protective Painting of Structural Steel, 
Edited by F. Fancutt and J. C. Hud- 
son. 102 pages, 5% x 8% inches, cloth, 
1957. The Macmillan Company, 60 
Fifth Ave., New York 11, N. Y. Per 
copy, $4.50. 

A summary of British practice for pro- 

tection of steel from atmospheric corro- 

sion, essentially a revision and expansion 
of an earlier work (1941—Protective 

Painting of Structural Steel) prepared 

and published by the Protective Coat- 

ings (Corrosion) Sub-Committee of the 

British Iron and Steel Research Asso- 

ciation. 

Contents include, principles, surface 
preparation, choice of systems for new 
steelwork, procedure, repainting of old 
steelwork, practical examples and spe- 
cial cases. Appendices cover some for- 
mulations and particulars regarding test 
sites. There is an alphabetical subject 
index. 


Standard Metallizing Symbols. 7 pages, 
6 x 9 inches. paper. 1957. American 
Welding Society, 33 West 39th St, 
New York 18, N. Y. Per copy, $1. 

Standard symbols useful for specifica- 

tions relating to metallizing agreed on 

by American Welding Society’s Com- 
mittee on Metallizing and the Canadian 

Government Specifications Board Com- 

mittee on Metallizing. Considered are 

surface preparation, extent of metalliz- 
ing, thickness of coatings, methods of 
finishing. 


Underground Corrosion. 227 pages, 
714 x 10% inches, cloth. April, 1957. 
By Melvin Romanoff. National Bu- 
reau of Standards Circular 579. US. 
Government Printing Office, Wash- 
ington 25, D.C. Per Copy $3. 

A restatement and summary of 45 years 

of corrosion investigation by the Na- 

tional Bureau of Standards superseding 

NBS Circular 450 issued in 1945. Theo- 

retical and practical aspects of under- 

ground corrosion on numerous materials 
are covered in detail with significant 
comments on theoretical and practical 
findings. 

Discussions cover characteristics 0! 
soils, factors affecting corrosion, pitting, 

NBS investigations covering cast, 

wrought and miscellaneous ferrous ma- 

terials, results; field and laboratory 
studies of bolt materials, copper and 
copper alloys, field tests of lead, zinc 
and aluminum; galvanic couples, metal- 
lic protective coatings, organic coatings, 
accelerated tests of coatings, accelerated 


(Continued on Page 109) 
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(Continued from Page 108) 
tests of soil corrosivity, soil resistivity, 
potential measurements, stray current 
electrolysis, cathodic protection, and a 

description of methods of testing. 
The volume, carefully prepared and 
printed, is replete with illustrations and 
tabulated data. There is an extensive 
alphabetical subject index and 407 ref- 


erence Se 


inside of 30-Foot Tank 
ls Coated With Silver 


Vacuum metallurgy techniques were 

used to coat the inside of a 30 foot in 
jiameter tank with silver to protect it 
against corrosion. This is one of the 
uses of the technique reported in the 
paper “Vacuum- Metallurgical Research 
Gives Industry a Glimpse Into the Fu- 
ture,” presented by Robert C. Bertossa, 
Stanford Research Institute, Menlo 
Park, Cal. The paper was given June 13 
ata San Francisco meeting of American 
Society of Mechanical Engineers. 


Pipe Line Instrument 
Committee Is Organized 


Solutions of the instrument and con- 
trol problems of petroleum and gas pipe 
line industries will be sought by the pipe 
Line Committee of the Instrument So- 
ciety of America. The committee, being 
organized by Ivan W. Schmitt, El Paso 
Natural Gas Co., El Paso, Texas and 
Max T. Nigh, Service Pipe Line Com- 
pany, Tulsa, expects to bring together 
those concerned with measurement, tele- 
metering, control, testing and operation. 


Chemical and Petroleum 
Laboratory Is Established 


A newly organized Chemical and Pe- 

troleum Research Laboratory, compris- 
ing the activities of the Petroleum Re- 
search Laboratory, Manufacturing 
Chemists Association Research Project 
and the Thermochemical Laboratory, 
has been organized at Carnegie Institute 
of Technology. The new laboratory, af- 
filiated with the Department of Chemis- 
try, will be directed by Frederick D. 
Rossini, Silliman Professor of Chemis- 
try. 


Dimethyl Sulfide Seen as 
Hydrocarbon Competitor 


Dimethyl sulfide, a versatile chemical 
produced at a ratio of 60 pounds to one 
ton of wood pulp is among the many 
silvachemicals now available to industry. 
A prediction was made at the Seattle 
national meeting of the American In- 
stitute of Chemical Engineers that 
chemicals from wood soon may rival 
those from liquid hydrocarbons. 


Computer, Data Sessions Set 
. 29-30 at Denver 


[The Fourth Annual Symposium on 

-omput ‘rs and Data Processing will be 
held August 29-30 at Albany Hotel, 
Denver * 
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STOP CORROSION 


trom destroying your plat { 


TRUSCON “Speed Rex” Protects Metal, 
Concrete and Wood Against The Ravages 
of Acids, Alkali, Moisture! 


Truscon’s business is helping your Maintenance 
Department cut costs, prevent expensive dam- 
age to your plant and equipment. 

One of Truscon’s products that can be tre- 
mendously helpful to your Maintenance Chief is 
“Speed Rex” .. . an all-purpose coating that owes 
its outstanding characteristics to DEVRAN, an 
Epoxy Resin that imparts to paint greater re- 
sistance to corrosive chemicals. 


Maintenance Problem? TELL IT TO TRUSCON! 


IT’S ALIVE! IT’S DEVRAN! 


Devran (Epoxy Resin) en- 

ables ‘Speed Rex’’ to bounce 

back from hard knocks as 

well as from chemicals. Actu- 

ally, a ball of solid Devran 

ane bounce than a golf 
all! 


tr eo i 


Protected with 


ane Ur Lorel™ 


Lt ee 


Division of Devoe & Raynolds Co., Inc. Sia The ee 
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Tufline 316 stainless steel plug valves 
have a Teflon thrust disc and require no 
lubrication, Continental Manufacturing 
Co., Cincinnatti 36 says. The valves are 
described in Bulletin S-1. 

6 
Model B-6 Portable Jet Blaster, manu- 
factured by Air Placement Equipment 
Co., 1009 West 24th St., Kansas City, 
Mo. has 650 lb. capacity and adjustable 
flow control. It handles conventional 
abrasive materials. 

8 
Trichlorofluoroethylene polymer is avail- 
able in an aerosol spray can for small 
scale application to surfaces being tested 
in corrosive environments. The depos- 
ited coating, requiring 480 F fusion heat, 
is useful in making corrosion resistant 
linings and coatings for equipment ex- 
posed to corrosives. The units are avail- 
able from Acme Resin Corp., 1401 Circle 
Ave., Forest Park, III. 

6 


Amercoat No. 35, a glossy coating com- 
bining the chemical resistance and 
toughness of polyvinyl chloride and the 
exceptional weather resistance of the 
acrylic resins is now being produced by 
Amercoat Corp., 4809 Firestone Blvd., 
South Gate, Cal. It can be sprayed over 
a suitable primer or used as a gloss fin- 
ish coat over other coatings. 
® 
Tropical Preprimer, a stable coating re- 
quiring no accelerator and no prepara- 
tion for use except thinner addition, has 
been developed by Parker Rust Proof 
Company to replace Parker’s Bonderite 
phosphate treatment on metal surfaces 
that cannot be Bonderized. The material 
should be applied immediately after 
sandblasting, according to Tropical 
Paint Co., Cleveland 2, Ohio and may 
be used on galvanized metal or alumi- 
num surfaces. It should be covered in 
24 hours by a regular metal primer. 
s 


Dow Corning 808, a new silicone resin 
developed by Dow Corning Corp., Mid- 
land, Mich. has greater gloss retention 
after exposures to high temperatures 
than for some other coatings. After ex- 
posure to 572 F for 400 hours or 482 
F over 2500 hours, a formulation pig- 
mented with titanium dioxide retains 
70% of original gloss. 

® 
Atlas Mineral Products Co. has opened 
a Pittsburgh branch at 5907 Penn. Av- 
enue, Pittsburgh 6, Pa. under Thomas 
K. Piper, manager. 

e 
Chemtrol Corp., 1417 West El Segundo 
Blvd., Compton, Cal. has developed ball 
valves up to 3 inches in size fabricated 
from polyvinyl chloride, Penton, poly- 
ethylene and some copolymers. Teflon 
seals are used. 

e 
Allegheny Stainless Steel Sheet and 
Strip, a 32-page booklet includes ex- 
tensive tables of resistances to corro- 
sive materials of 302, 316, 430 and 410 
steels. Numerous other tabulated data 
on physical characteristics, analyses, 
tempering characteristics, forming and 
joining techniques, polishing, surface 
treatment, weight tables and others are 


included. Copies are available from Ad- 
vertising Dept., Allegheny Ludlum Steel 
Corp., Oliver Bldg., Pittsburgh 22, Pa. 
o 
Cosasco Div. of Perfect Circle Corp. has 
moved into new quarters at 11655 Mc- 
Bean Drive, ElMonte, Cal. 
° 


Uniflex, a combination of paste alumi- 
num, asbestos fiber, non-drying oils and 
asphalt gums manufactured by Acorn 
Refining Co., 8001 Franklin Blvd., Cleve- 
land 2, Ohio is recommended as a cover- 
ing for roofs of all kinds except shingles, 
including those on tanks, refrigerator 
cars and trucks. Manufacturers say it 
bonds to steel, aluminum, tin and other 
metals, paper, cloth, concrete and will 
not run or alligator. 


& 
New High Temperature Soldering ma- 
terials to join aluminum have been de- 
veloped by Aluminum Company of 
America. Alcoa Solder No. 805 and 
Alcoa Soldering Flux No. 66 are ex- 
pected to cut joining costs for aluminum 
fabricators. The high zinc (95% zinc, 
5% aluminum) solder has been used suc- 
cessfully in joining heat exchanger re- 
turn bends, electrical connections, auto- 
mobile radiators and tubing fins. It will 
join all aluminum alloys and makes 
joints between aluminum and_ copper, 
brass, steel, stainless steel and other 
metals. 

& 
Hypalon, formulated as a_ two-part 
brushable or sprayable film, is recom- 
mended by Wilbur & Williams Co., 130 
Lincoln St., Boston 35, Mass., especially 
for applications subject to ozone attack. 
It also is unaffected by petroleum deriv- 
atives. Its availability in several dis- 
tinctive colors permits use in color cod- 
ing or for applications where decoration 
and protection are combined. 

° 
Carboline Company, 331 Thornton Ave., 
St. Louis 19, Mo. has developed three 
formulations of liquid zine coatings that 
can be applied to metals by brush or 
spray. A one coat 4-10 mil film gives 
galvanic protection to steel, and when 
used as an undercoat helps prevent un- 
dercutting. Tests now under way indi- 
cate that a 6-mil coat with an estimated 
life in imimersion service greater than 
10 years, has at least twice the life of 
a 2-mil zinc coating. Systems are offered 
for brine, fresh water and brine con- 
ditions with hydrogen sulfide and for 
application to wirebrushed steel in in- 
dustrial or marine atmospheres. 

« 
Bisphenol A production of Monsanto 
Chemical Company has been doubled at 
St. Louis. The resin is an intermediate 
used in manufacture of epoxy resins and 
oil-soluble phenolic resins. It is used 
also in the manufacture of recently de- 
veloped polycarbonate resins and high 
melting point thermoplastic materials. 

e 
Espiradiator, a device designed to heat 
liquids without contact with the liquids 
by concentrating heat at the surface, is 
recommended for laboratory use. The 
device consists of a fused water-proof 
sheath of vitreous silica, with a horizon- 
tal or vertical silica handle. The heating 


element is attached to a refractory base 
It operates on 110 or 220 volts. Quartz 
Products Corp., P. O. Box 628, Plain. 
held, N. J. is manufacturer. 

e 
Titanium and Zirconium castings can be 
made in a new furnace developed by 
Oregon Metallurgical Corp., P. O. Box 
311, Albany, Oregon. The furnace in 
cludes the mold, which is filled after the 
metal is melted by rolling over furnace 
mold and all, pouring the liquid metal 
into the mold. Pure metal and alloy 
castings will be produced. 

« 

J. Bishop & Co. Platinum Works will 
consolidate manufacturing and adminis- 
tration facilities at a new location near 
Pao, ta. 

° 
Trimethylolphenol, ultimate in reaction 
of phenol formaldehyde products is 
available in experimental quantities in 
the form of a 70 percent solution in 
water from Bakelite Company, Division 
of Union Carbide Corp., 260 Madison 
Ave., New York 16, N. Y. The material 
is said to be a significant advance over 
previous water soluble phenolic resins 
in that it is a single chemical species, 
whereas previously available phenolic 
resins were not monomeric. Tests at 
Bakelite show the substance’s cross- 
linking activity facilitates production of 
new plastic alloys by adding it to urea, 
melamine, polyamino resins, resorcinol 
and aniline. 

e 
Aluminum in School Construction, a 64- 
page illustrated booklet available from 
Technical Publications, Kaiser Alumi- 
num & Chemical Sales, Inc., 919 North 
Michigan Ave., Chicago 11, Ill. describes 
and illustrates uses of aluminum in 
school construction. The devices and 
methods used are applicable also to in- 
dustrial construction. 

a 
Labline-Pure Corro-Dex corrosion test- 
ers for line or battery operation are 
described in new literature available, 
from manufacturers Labline, Inc., 3070 
West Grand Ave., Chicago 22, Ill. The 
meters provide a means of reading di- 
rectly in microinches corrosion rates in 
progress on specimens suspended in 
process streams and other media. Data 
are temperature corrected, AC current 
is used, eliminating polarization effects 
and meters may be located at places re- 
mote from test specimens. 

@ 


Plasticap “AB”, a composite baked-on 
internal plastic coating for use in gas 
condensate, sour crude, high-pressure 
sweet-oil and wells making salt water 
as well as salt water disposal and flood- 
ing wells, is recommended by Plastic 
Appiicators, Inc., P. O. Box 7631, Hous- 
ton. Higher resistance to acid and alkali 
attack and unusual flexibility are claime: 
for the new system. 

a 
Pfaudler Co., 1041 West Ave., Roches- 
ter, N. Y. has isued Bulletin 944, list- 
ing latest sizes and styles of stainless 
steel reactors ranging in size from 5 to 
2000 gallons. 


(Continued on Page 112) 
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Now even greater, more uniform strength with new electronic ““AccuRay’’ process 





Since 1930, Carey Asbestos Pipeline Felt 
has performed successfully under the 
toughest possible field conditions. Now, 
with exclusive, new electronic “‘“AccuRay”’ 
watch- dogging every step of the manu- 
facturing process, even better quality 
and more uniform strength are assured. 


S PIPELINE FELT 


Weak spots in the felt are eliminated— 
every inch of underground piping receives 
maximum protection. 

Protect your investment! Give pipe 
coatings the best possible shield against 
soil stress with Carey Pipeline Felt— 
now stronger with electronic “‘AccuRay’’! 


For free booklet of a Corrosion Engineer’s own analysis of pipeline protection problems, write Dept. C-87 


MEG. COMPANY Lockland, Cincinnati 15, Ohio 


LEONI GE | 


ASK YOUR CAREY SALES ENGINEER ABOUT THESE OTHER CAREY WRAPPING MATERIALS 


CAREY GLASS—Reinforces and toughens coatings to resist cold flow. 
CAREY PIPELINE PADDING—Strong and flexible. Molds easily to the shape of the pipe 


without grooving or weakening. The original pipeline padding! 


_»ém Ee en Ta ee, ae 
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Tube Turns Plastics, Inc., Louisville, 
Ky. is offering a polyvinyl chloride 
check valve that operates in either the 
vertical or horizontal position. Full 100 
percent flow is provided in sizes from 
\% to 3 inches with threaded or socket 
weld fittings. They are made from nor- 
mal impact material. One valve (replac- 
ing metal valves that caused trouble be- 
cause of corrosion) has opened and 
closed 37,905 times daily since January 
3 with no sign of wear in a line carry- 
ing 10-15 percent sulfuric acid solution, 
with traces of sand at 50-75 F. 
@ 

Lenox Instrument Co., 21010 Chancellor 
St., Philadelphia 3, Pa. has developed a 
borescope with a mirror adjustable from 
retrospective through right angle to 
forward oblique. It has a magnification 
of 10X, a 9-inch field of vision at 24 
inches and a viewing head with a 13/16- 
inch diameter 100-watt lamp for illumi- 
nation. 


Epo-Lux Zinc Rich Dust Primer, a 
product of Steelcote Manufacturing Co., 
3418 Gratiot St., St. Louis 3, Mo. makes 
it possible to apply a 90% pure zinc 
metal coating by brush, spray or roller. 
The high percentage of zinc assures 
benefit of cathodic protection of a base 
metal lower in the galvanic series. Epo- 
Lux top coats designed to accompany 
this primer feature adhesion and flexi- 
bility to protect against alkalis, acids, 
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solvents and salts which ordinarily 
would attack the zinc. 
® 


Enthone, Inc., New Haven, Conn. has 
been purchased by American Smelting 
& Refining Co. 
6 

Fresnel Lenses costing $6 can be used 
to construct solar furnaces capable of 
producing temperatures from 2000 to 
4000 F. The 14% inch diameter lenses 
have a 14-inch focal length and are 
available from Edmund Scientific Co., 
Barrington, N. J. 


e 
Tube Reducing Corp., Wallington, N. J. 
has been appointed exclusive licensee 
for the manufacture and application of 
the Niphos method of applying nickel 
alloy to mild steel. The process was 
developed by New York Testing Labo- 
ratories. e 
Lebanon Steel Foundry, 77 Lehman St., 
Lebanon, Pa. has purchased a 2 million 
volt X-ray machine for radiographic in- 
spection of steel castings. 

Ld 
Federated Metals Division of American 
Smelting & Refining Co. has established 
a Central Aluminum Department. G. M. 
3aumann will be general manager. 

® 
Newage Industries, Inc., 222 York Road, 
Jenkintown, Pa. has developed a 30- 
ounce instrument which can be used to 
test hardness of any type of metal re- 
gardless of size or shape. It is described 
in a bulletin available on request. 

e 
Perfecto Cast, 5730 Kearney Villa Rd., 
Kearney Mesa, Cal., has started produc- 
ing close tolerance stainless steel castings 
for aircraft and missile forms. Louis L. 
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SPECIAL DELIVERY for liquids and gases in all branches of industry is assured 
with Kraloy Rigid Polyvinyl Chloride (normal and high impact) Plastic Pipe... 
with virtually no maintenance or policing. You install Kraloy PVC—and forget it. 
That’s why millions of feet of Kraloy Plastic Pipe are in use today, because 
Kraloy PVC is inert and can never rust, rot, or corrode, is not subject to electro- 
lytic action, handles abrasives, slurry and most Ph factors, is scale resistant. 
Superior flow characteristics (C factor = 150+) permit use of smaller diameters. 
Installation costs 50% less, due to light weight and ease of handling. 





Write for complete information and literature. 


KRALOY 


Kraloy Plastic Pipe Co., 4720 E. Washington Blvd., Los Angeles, Dept. C-87 


RIGID PVC PLASTIC TYPE 
NORMAL AND HIGH IMPACT 





Subsidiary of the Seamless Rubber Co., a Rexall Drug Co. Subsidiary 
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Potomac, NACE member, is president, 


8 

Reading Metals Refining Corp., a syb- 
sidiary of Reading Tube Corp. will begin 
operating its new Ontelaunee Township 
Pa. copper refinery this summer, The re- 
finery is the first to be built east of the 
Mississippi in 55 years and the second 
copper refinery in Pennsylvania, 


* 
Fairprene T-5594, a pre-cured isobutylene 
material designed to be installed as a 
tank liner without curing is described in 
a bulletin available from DuPont Fabrics 
Div., Room 8033, DuPont Bldg, Wil- 
mington 98, Del. 

® 
Flexrock Company, Teflon fabricator and 
General Coated Products Co., manufac- 
turer of organic coatings have named The 
Haynes Co., 1215 East 20th St., Tulsa 20, 
Okla. as their exclusive representatives 
in the Tulsa area. 


Fa 
Texsteam SAC 4000 Series mechanically 
driven chemical injectors include adjust- 
ment of piston stroke from 0 to one inch. 
The pumps, made of stainless steel with 
Meehanite injector heads, deliver injec- 
tion pressures of 1200, 500 and 250 psi, 
Special injector heads are available for 
handling corrosive materials. Additional 
information is available from the com- 
pany at P.O. Box 9127, Houston, Texas. 


* 

Del Synthetic Rubber Compound, a 
paste easily applied to surfaces, holes, 
cracks and joints, sets overnight into a 
permanent seal of flexible, solid rubber. 
Substantial resistance to deterioration by 
vibration, stretching and cracking is 
claimed by manufacturers, David E. 
Long Corp., 220 East 42nd St. New 
York 17, N.Y. 

° 
Raybestos-Manhattan, Inc. has purchased 
the plant and equipment of Graef Engi- 
neering Co., 15010 South Downey Ave. 
Paramount, Cal. and established a Pacific 
Coast division to manufacture Teflon and 
Raylon products. Arthur W. Byxbee, 
formerly. sales manager of the company’s 
Plastic Products Division is general man- 
ager of the new division. 


a 
Surpass Petrochemicals, Ltd., 36 Upton 
Road, Scarborough, Toronto, Canada 
has started operations in its $750,000 oil- 
soluble sulfonate plant. The facility, with 
a rated capacity of 5 to 7 million pounds 
of 60 percent active oil soluble sodium 
sulfonates, is said to be the first continu- 
ous process plant of its kind in Canada. 

e 
Hardness Factor conversion from one 
system to another is easy with a wall 
chart available from Torsion Balance Co., 
Clifton, N.J. 

e 
Magnesium can be welded continuously 
and automatically with a process devel- 
oped by Lite-Line Metal Industries Div., 
Copperloy Corp., 4105 Brookpark Road, 
Cleveland 24, Ohio. The process involves 
the use of a shielded arc and a small di- 
ameter coiled wire as filler metal and 
electrode. : 
Wooster Finishes Corp., Wooster, Ohio 
is marketing a vinyl enamel which will 
dry to touch in one hour and dust free 
in four hours. Because it is non-flamma- 
ble, has a non-offensive and non-toxic 
odor it can be applied on stationary 
equipment and shop interiors during reg- 
ular working hours. 


€ 
Union Carbide Corp. will build a major 
chemical plant in Putnam County, West 


(Continued on Page 114) 
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KOPPERS 


announces a new member of its 
famous family of BITUMASTIC® coatings: 


KOPPERS NO.99 
INSULATING COATING 


for applications requiring both 


CORROSION PROTECTION w@ INSULATION! 


WHAT KOPPERS NO. 99 IS: Koppers No. 99 In- 
sulating Coating is a black mastic impregnated with 
cork. It was created especially for use where equip- 
ment requires both corrosion protection and insula- 
tion, and where potential savings in heat loss are not 
enough to justify expensive block-type insulation. 


WHAT KOPPERS NO. 99 DOES: One application 
of Koppers No. 99 not only protects metal surfaces 
against corrosion, but at the same time furnishes 
effective thermal insulation. It also waterproofs, con- 
trols condensation, and deadens sound. It is resistant 
to acids and alkalis, and retains full efficiency through 
the temperature range from 250F to —40F. It may 
be applied winter or summer, indoors or out. It dries 
rapidly, is highly resistant to fire when dry, and may 
be painted if desired. It can be used on ceilings, par- 
titions, air ducts, tanks, and many other surfaces. 


KOPPERS 


WHY KOPPERS NO. 99 IS EASY TO USE: 
Koppers No. 99 Insulating Coating requires no sur- 
face priming except under unusual conditions. Uni- 
form coatings of the desired thickness may be sprayed 
on in a single application, using any one of several 
standard types of heavy-duty spray equipment. 


HOW KOPPERS NO. 99 CAN SAVE YOU 
MONEY: If you have equipment or surfaces requir- 
ing both corrosion protection and insulation, Koppers 
No. 99 can save you money two ways. First: it effec- 
tively performs both functions with only one invest- 
ment in materials and application. And second: 
because this coating is long lasting it costs less per 
year than any other method of providing the same 
protection. For specifications and applications data, 
write: Tar Products Division, Koppers Company, 
Inc., Dept.100HKoppers Building, Pittsburgh 19, Pa. 


ONLY KOPPERS PROVIDES 


BITUMASTIC 


REG. US. PAT OFF 


bt x COATINGS AND ENAMELS 


SOLD THROUGH INDUSTRIAL DISTRIBUTORS 
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Virginia, its eighth major plant in the 
nation and the third in the Kanawha Val- 
ley. It will be designed to produce eth- 
ylene and propylene principally for fur- 
ther processing in other company plants 
nearby. 


Neptune Meter Co., 19 West 50th St., 
New York 20, N.Y. describes its new 
stainless steel industrial liquid meters in 
3ulletin 94/10 available on request. 

e 


Beckman pH Electrodes are described in 
Bulletin 86-5 available from Scientific In- 
struments Division, Beckman Instru- 
ments, Inc., Fullerton, Cal. 

& 


Goulds Pumps, Inc., 29 Black Brook 
Road, Seneca Falls, N. Y. and Pfaudler 
Company have produced a glass-lined 
centrifugal pump in four sizes for capaci- 
ties up to 700 gpm and heads up to 140 
feet. 

* 


Carborundum Company has started a 
$3,200,000 modernization and expansion 
program at its three silicon carbide fur- 
nace plants in the United States and Can- 
ada, increasing the combined capacity of 
the plants approximately 25 percent. 

s 


Ultrasonic Emulsification effected by im- 
pinging liquids to be emulsified in a jet 
stream on the edge of a blade vibrating 
at 22,000 cps causes continuous cavitation 
and uses all energy developed right in 
the liquids. Machines producing the ef- 
fect are available in three capacities from 
Sonic Engineering Corp., 146 Selleck St., 
Stamford, Conn, 
e 


Stainless Steel Globe and gate valves to 

handle liquid oxygen and other low tem- 

perature liquids are available from Valve 

and Fittings Div., Cooper Alloy Foundry 

Corp., Hillside, N.J. The new line of 

valves is designed to operate at around 
300 F at 150-650 psi. 
6 


Barrett Division, Allied Chemical & Dye 
Corp. has formed an Industrial Tar Prod- 
ucts Sales Department, combining the 
organizations formerly designated Creo- 
sote and Pitch Sales and Protective Coat- 
ings Sales. V. C. Otley is manager. The 
address is 40 Rector St., New York City. 
e 


Zirconium and Zircaloy 2 welding fittings 

with an outside diameter of 1.5 inches 

and a 0.065-inch wall, designed for a nu- 

clear energy installation are being manu- 

factured by Tube Turns, Louisville, Ky. 
@ 


Triangle RHI Pipe manufactured by 

Plastic Pipe Division, Triangle Conduit 

& Cable Co., Inc., New Brunswick, N.J. 

is described in a 16-page catalog titled 

“Triangle Rigid High Impact Plastic 

Pipe and Fittings,” available on request. 
& 


C-17 Pre-Crete, a low-soluble cement 
base lining for interiors of steel water 
heaters, tanks, vats and other vessels, 
forms a hard, durable lining which pre- 
vents oxidation and galvanic corrosion, 
according to the manufacturer. Bulletin 
F 17, available from Pocono Fabricators, 
Inc., East Stroudsburg, Pa. describes the 
material. 


Aluminum Division, Olin Mathieson 

Chemical Corp., 460 Park Ave., New 

York 22, N.Y. will send on request its 

brochure “Money Saving Facts of Oil 

Aluminum Oil Country Pipe” describing 

the advantages of using aluminum piping. 
° 


Titanium and Zirconium Castirigs up to 
100 pounds in weight are being produced 
by Oregon Metallurgical Corp., Albany, 
Ore. The mold is included in the furnace. 
After the metal is melted, the entire fur- 
nace, mold and all, is rolled over, pour- 
ing liquid metal into the mold. 
e 


London, England will be the scene Oc- 
tober 15-17 of a Corrosion Convention 
and Exhibition sponsored by the maga- 
zine “Corrosion Technology.” 

e 


Amercoat 33 HB, a high build version 
of Amercoat Corporation’s No. 33, is 
formulated with resins and pigments to 
give exceptionally high solids content 
without excessive viscosity. One gallon 
will produce 464 mil square feet over 
steel or concrete and when applied at 
the rate of 250 square feet per gallon 
over a Suitable primer it will exceed 
the minimum safe film thickness of 5 
mils. It can be applied conventionally 
or by hot spray. 

e 
San Antonio, Texas will be the site of 
a new $750,000 plant to process liquors 
from American Lithium Chemicals, Inc. 
lithium hydroxide manufacture. San 
Antonio Chemicals, Inc. will seek a 
means of reducing from these liquids 
pure rubidium and caesium and develop 
commercial uses for them. 

e 
Transducers of stainless steel with arc 
welded joints for use in corrosive deter- 
gents and solvents are available from 
Branson Ultrasonic Corp., 50 Brown 
House Road, Stamford, Conn. 





Victor R. Dietz has received a Guggen- 
heim Fellowship and the Department of 
Commerce Silver Medal. The fellowship 
will permit his continuing studies at the 
Imperial College of Science and Tech- 
nology, London and the silver medal is 
in recognition of his work in the field 
of adsorption. 

* 
Robert W. Phillips has been named 
chief engineer of Synthetics and Plas- 
tics in the Research and Development 
Division, Flexonics Corp., Maywood, III. 

s 
Thomas J. Vaughn has been named 
president and Frederick W. Stavely, 
president-elect and a member of the 
board of Industrial Research Institute. 
Mr. Vaughn is executive vice-president 
of Pabst Brewing Company and Stavely 
is director of chemical and physical re- 
search laboratories, Firestone Tire and 
Rubber Co. 

e 


Edward E. Slowter has been elected a 
vice-president of Battelle Institute. He 
has been with the institute since 1936. 
e 

James B. Woodford, Jr. has been pro- 
moted to the post of associate professor 
and assistant head of the Department 
of Electrical Engineering at. Carnegie 
Institute of Technology. 
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James M. Brady has been named assist- 
ant general sales manager of the Pla- 
Tank Division, Haveg Industries Inc 
Wilmington, Del. ‘ - 


© 
Clarence C. Smith has been appointed 
director of engineering of Tranter Manu- 
facturing Inc., Lansing 4, Michigan. 

@ 
Arthur J. Stock has been appointed Re- 
search and Development Manager for 
Acheson Colloids Co, Port Huron 
Mich. = 

e 
R. E. Cornwell has been appointed 
president of Union Carbide Develop- 
ment Company, a division of Union Car- 
bide Corp. 

6 


Lloyd E. Flanders, Jr. has been named 
vice president and general sales man- 
ager and William Tome, vice president 
and general plant manager of Olo Paint 
Corp., 9808 Meech Ave., Cleveland 5, 
Ohio. Both are members of NACE. 

2 


Gordon B. Carson, dean of the Ohio 
State University College of Engineering 
is new president of the American In- 
stitute of Industrial Engineers. 

2 


John Wagner, Jr. will direct field corro- 
sion studies and research work as a vice 
president of A. V. Smith Engineering 
Co., Narberth, Pa. 

* 
Horace Smith Isbell has been selected 
to head the Organic Chemistry Section 
of the National Bureau of Standards. 
He has received numerous medals and 
prizes in recognition of his work in 
carbohydrates. 

2 
Howard E. Boyer, chief metallurgist of 
American Bosch, Springfield, Mass. has 
been appointed managing editor of the 
Metals Handbook, published by ASM. 

e 


Bruno J. Zwolinski has been appointed 
lecturer in chemistry and principal re- 
search chemist at Carnegie Institute of 
Technology. Truman P. Kohman, dis- 
coverer of Aluminum 26 and Robert 
Bader Beckman have been promoted to 
posts of Professor of Chemical Engi- 
neering at Carnegie. 

e 
Walter A. Dean has been named as- 
sistant development metallurgist for 
Aluminum Company of America. 

© 
Jack L. Ward will represent Plastic Ap- 
plicators, Inc. in the Odessa-New Mexi- 
co sales territory. 

e 
C. R. Rigby, formerly manager of A. O. 
Smith Corporation’s Houston works has 
joined the firm’s staff at Milwaukee. 

6 
Richard H. Mills, a specialist in water 
treating problems has joined Anderson 
Chemical Company, Macon, Ga. 

® 
Fred L. Plummer has been appointed 
national secretary of the American 
Welding Society. 

e 
James N. Landis has been nominated 
to be president of the American Society 
ot Mechanical Engineers. 

@ 
John H. Alm has been appointed Pitts- 
burgh district Pipeline salesmanager by 
Dearborn Chemical Co. 


(Continued on Page 115) 
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Lewis B. Donovan has been appointed 
manager of the Commercial Buildings 
Department, a function of Consolidated 
Edison Company of New York. Mr. 
Donovan is a director of NACE and 
long active in association affairs. 

9 
Thomas Harrison Davies has been 
named director of research of Mellon 
Institute. Mr. Davies, administrative 
head of the multiple fellowship sustained 
at the institute since 1952 by Pittsburgh 
Plate Glass Co. has a PhD from Johns 
Hopkins University. Before joining the 
institute he was associate professor in 
the Institute for Nuclear Studies, Uni- 
versity of Chicago and formerly worked 
at Oak Ridge, Lederle Laboratories and 
California Institute of Technology. 

® 
Ralph B. G. Yeo has joined the Bay- 
onne, N. Y. research laboratory staff of 
International Nickel Co., Inc. He has 
a BS from University of Cardiff, Wales 
and a PhD from Birmingham Univer- 
sity in 1956. 

e 
Otto J. Mileti, Jr. has joined Napko 
Corp. as technical director. 

ee 
Thomas E. Catlow has become sales- 
manager of Odis C. Galloway Co., 1601 
Cedar St., Beaumont. 

& 
Richard I. Enzian has been appointed 
manager of Wrought Iron Sales, A. M. 
Byers Co., Pittsburgh. 

e 


George Warren has taken the position 
of ceramist assistant to the Works man- 
ager of The Pfaudler Co., Rochester, 
N. Y. and David K. Priest has been ap- 
pointed administrator to the Ceramic 
Development Group and the Physical 
Testing Laboratory. Dr. Priest also is 
head of the corrosion laboratory. 
e 


Thomas H. Wickenden, retired vice- 
president of International Nickel Co., 
Inc. has been given an honorary degree 
of doctor of science by Denison Univer- 
sity, Granville, Ohio. 

& 
Harold J. Balhouse has been made man- 
ager of the newly formed Nuclear Di- 
vision of Alloy Steel Products Co., 
Linden, N. J. He formerly was with Wal- 
worth Company and Knolls Atomic 
Power Laboratory. Among other or- 
ganizations he is a member of NACE. 

e 
Marian Balicki, formerly head of the 
Metallurgical Engineering Division, 
Polytechnic Institute of Brooklyn, has 
assumed duties as an engineering spe- 
cialist in the Department of Physical 
Metallurgy and Ceramics at Sylvania- 
Corning Nuclear Corp., Bayside, N. Y. 

6 
Basil Q. Welder, new head of Hagan 
Chemical & Controls, Inc. boiler chemi- 
cal sales will have charge of sales of the 
firm’s industrial chemicals. He has been 
with Hagan 12 years. 

e 
Robert M. Briney has been appointed 
president of Haynes Stellite Company, 
Division of Union Carbide Corp. He has 
been with the corporation since 1924. 
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play a 
vital part 
in any 
cathodic protection system 


The quality of protection from rectifiers, anodes, cable, etc., in 
any CATHODIC PROTECTION INSTALLATION is only as 
good as the electrical connections used in the system. 














The Electrical Connections must last the life of the installation 
while maintaining 100% ELECTRICAL EFFICIENCY. Any 
increased resistance in the connections, makes the system 
partially or totally useless. 

Why take a chance... specify CADWELD ELECTRICAL 
CONNECTIONS and be sure. 












Send for Bulletin 656-10, plus New Sheet 
on CADWELDING TO CAST IRON PIPE 
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controlled by Dresser insulating couplings: 


1%” ID Style 39, show- 
ing two-bolt construc- 
tion, supplied in sizes 
thru 2”. 


6" ID Style 39, show- 
ing construction sup- 
plied for this size. Note 
insulating gasket. 


DRESSER: CORROSION CONTROL PRODUCTS 


Dresser Manufacturing Division, 89 Fisher Ave., Bradford, Pa. Warehouses: 1121 Rothwell St., Houston; 101 S. Airport 
Blvd., S. San Francisco. Sales offices also in: New York, Philadelphia, Chicago, Denver, Atlanta, Toronto and Calgary. 


The two major causes of corrosion: stray d-c electric current 
and dissimilar metals can be controlled by blocking off electric 
current and preventing its flow from one pipe length to another. 
Proved in fifty years of service, Dresser Style 39 Couplings 
have rubber insulating gaskets compounded to assure optimum 
insulation and long life. The tough, inert Nylon 

Insulator is resistant to acids, alkalis, drip oils . . . will not swell. 


LOWER COST, EASIER INSTALLATION 


Dresser Style 39 Couplings are lower in cost and easier to 
install than insulating flanges. No painstaking pipe fitting, no 
cutting, welding, or lining up bolt holes is involved. 

Installation time — a matter of minutes. And most important, 
Dresser Couplings absorb normal pipe movement without 
leakage and without disturbance of insulating qualities. Write 
today for catalog describing Dresser Corrosion Control Products. 
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Cathodic Protection 


Introduction 

HIS is a discussion of cathodic pro- 

tection applied to a feeder line system 
that interconnects and extends from the 
main transmission lines of Tennessee Gas 
Transmission Company to Corpus Christi 
bay and across to Mustang Island, as 
shown in Figure 1. 

The pipeline system begins at the 24 
and 30-inch main lines in South Central 
Texas, Refugio County, just West of 
Woodsboro, These feeder lines cross the 
Aransas River into San Patricio County 
just north of Bayside, extend past Ingle- 
side on west, enter Corpus Christi Bay, 
Nueces County and Shamrock 
Island to Mustang Island. 

West of Ingleside, the La Quinta spur 
line branches off to the west, out into 
Corpus Christi Bay and terminates at a 
production platform in the bay. Just 
south of Ingleside, the Stedman Island 
spur line branches off to the east toward 
Aransas Pass, through Redfish Bay and 
terminates on Stedman Island. 


cross 


Sizes and Coatings Systems 

The first 5.7 miles of the main feeder 
line to Mustang Island consists of 10.75- 
inch OD x .250-inch WT pipe primed 
and coated with coal tar enamel and 
wrapped with 15-lb. felt. It was placed 
in service in March, 1947. 

The next 25.5 miles consists of 12.75- 
inch OD x .312-inch WT pipe, primed 
and coated with coal tar enamel and 
wrapped with impregnated fiberglass. 
This went into service in April, 1951. 

The line crossing Corpus Christi Bay 
extends for 6.6 miles and consists of 
12.75-inch OD x _ .375-inch WT pipe, 
primed and coated with coal tar enamel, 
wrapped with impregnated fiberglass 
and covered with a barium weighted 
concrete coating for negative buoyancy. 
It was placed in service in April, 1951. 

The Stedman Island spur consists of 
6.16 miles of 6.625-inch OD x .280-inch 
WT pipe, primed and coated with 
enamel, wrapped with 15-lb. felt and 
fiberglass with a weighted concrete coat- 
ing for the portion crossing the bay. It 
was placed in service in January, 1953. 

The La Quinta spur consists of 4.17 
miles of 12.75-inch OD x .375-inch WT 
pipe, primed and coated with coal tar 
enamel, wrapped with fiberglass. Three 
miles has a weighted concrete coating. 
This line was placed in service on Jan- 
wary 5, 1954, 


Initial Protection 
The first 5.7 miles of line laid in 1947 
was bonded to the main lines for pro- 
tection. This section was insulated from 
the remainder of the system built later. 
owever, the current requirements in- 
creased so on the older pipe that a 


*A paper by B. J. Whitley, Jr., 
Gas Transmission Company, Victoria, Texas, 
presented under the title ‘Cathodic Pro- 
tection of Certain Semi-Marine Pipelines,” 
at a meeting of South Central tegion, 
National Association of Corrosion Engineers, 
Houston, Texas October 18-21, 1955 and at 
the 12th Annual Conference, NACE at New 
York, March 12-16, 1956. 


Tennessee 


TECHNICAL TOPICS 


Abstract 

applying cathodic pro- 
tection systems and steps taken to 
polarize a three-pipeline system of 
10, 12 and 6-inch lines in salt water 
and marsh land are described. 5.2.3 


Methods of 


7.0.7, Main Lines 


Figure 2—(Left) Local pipe-to-soil voltage shown in 

relation to current used in polarizing line. Reference 

electrode located at negative lead connection to the 
pipe. 


Figure 3—(Right) Local pipe-to-soil voltage shown in 
relation to hours of depolarization. Reference elec- 
trode located at negative lead connection on the pipe. 


separate cathodic protection installation 
was made for it in 1954. 

A current requirement test was made 
on the mainland portion of the newer 
line on March 29, 1951. This was done 
by installing a temporary ground bed 
at the shore of Corpus Christi Bay and 
using a welding machine as a source of 
power. 

With an output of 6 volts at 7.5 am- 
peres, a pipe-to-soil voltage reading of 
1.05 was observed at the negative con- 
nection. The output was increased to 18 
volts at 21 amperes and a voltage of 1.72 
was observed. At this site there is an 
insulator between the mainland piping 
and the bay crossing. A current drain 
of 1.85 amperes was measured from the 
mainland side. This 1.85 amperes pro- 
vided ample protection for fourteen 
miles inland from the bay. 

On April 11, 1951, this 
ground bed was energized 
polarization at amperages 
Figure 2 shows the observed 
soil voltages. 

The current was cut off and at 6:30 
the next morning 138 amperes was ap- 
plied. Four hours later at a distance of 
6.6 miles across the bay on Mustang 
Island, 0.8l-volt pipe-to-soil was ob- 
served. All voltage readings were taken 


temporary 
again for 
up to 170. 
pipe-to- 
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with the copper sulfate plug located 

least 25 feet along the pipe and away 
from the end of the line at the insulated 
flange on the meter run. In thirty min- 
utes, the ground bed current was re- 
duced to 125 amperes with no apparent 
change in the pipe-to-soil voltage. The 
current then was reduced to 100 ampere 
with still no apparent change in voltage. 

At 11:30 a.m. the current was stopped 
altogether and the voltage dropped 
slightly to 0.80 indicating apparent good 
polarization. 

With the current still off, a reading of 
0.803-volt was observed on Shamrock 
Island, 5.05 miles from the ground bed. 
When 50 amperes was applied, the volt- 
age increased to 0.82; 75 amperes in- 
creased it to 0.83-volt and 100 amperes 
increased it to 0.85-volt. 

The current was turned off then and 
three hours later the voltage on the pipe 
at the ground bed was still 0.95. Next 
morning, this reading was 0.85-volt, in- 
dicating good local polarization. How- 
ever, across the bay, the voltage had 
dropped to 0.75. There the polarization 
was not quite so effective because of the 

relatively lower applied current density. 


Ground Bed Site Selected 


With this information, a site for a 
permanent cathodic protection installa- 
tion was selected at the location of the 
temporary ground bed and the easement 
requested for its construction. This unit 
was built, the rectifier installed, and 
while waiting for a power connection, 
the copper cable was stolen from the 
ground bed. This was replaced with an 
aluminum cable and the unit placed in 
service on September 3, 1952, with an 
output of 13 volts at 96 amperes. 


A_ survey made after six days of op- 
eration showed voltage across the bay 
from the rectifier to be 1.06-volt. 


In an attempt to obtain better polari- 
zation and reduce the current require- 
ments, it was decided to use welding 
machines with a temporary ground bed 
also and impose a high current density 
on the line for a time. Between 11 a.m. 
and 1 p.m. total applied current was in- 
creased to 270 amperes and the pipe 
across the bay measured 1.12-volt at 
1 pm, an increase of only 0.06-volt from 
the 174 amperes added. At 4:30 pm the 
voltage increased to 1.15, and after 23 
hours of applying the 270 amperes the 
voltage was up to 1.18. This was only 
0.12-volt above the original 1.06 volts 
that resulted from application for six 
days of 96 amperes. 

The supplemental current was _ re- 
moved at 12:05 pm October 1, 1952 
when the permanent installation had an 
output of 83 amperes, 13 less than be- 
fore. This indicated polarization was 
progressing. Depolarization was _ ob- 
served for four hours after the supple- 
mental current was discontinued. This 
is shown in Figure 3. 

The rectifier output at £1 


was left 


(Continued on Page 118) 
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Cathodic Protection— 


(Continued From Page 117) 
volts, 83 amperes. The following day it 
was observed that the rectifier current 
had dropped to 11 volts, 76 amperes in- 
dicating further polarization. So it was 
reset to 12 volts, 88 amperes. 

Over a period of 15 months the cur- 
rent resistance of the rectifier varied 
from 0.136 ohms to a high of 0.26 ohms. 
It is adjacent to the bay where tides 
affect output. 

New Spur is Constructed 

In January, 1953, the Stedman Island 
spur was constructed. It is located 
alongside a system of pipelines with 
poor coating and protected with rela- 
tively large cathodic protection instal- 
lations, three of which are close to this 
spur line. A bond was agreed on and it 
was installed at the center rectifier with 
a bond current of only 0.053 amperes 
immediately after construction. Since 


eres 


¢ WELL CASINGS 
e OIL PIPE LINES 
* OIL FEEDER LINES 


¢ DISTRIBUTION 
SYSTEMS 


e UNDERGROUND OIL 
STORAGE TANKS 


dod-A 


then, this bond current has increased 
only slightly as the current requirements 
have increased, 

On May 25, 1953, a detailed survey 
was made of this system and it was ob- 
served that the line was amply protected 
at 1.4 volts, with a rectifier output of 
7 volts at 40 amperes. The current was 
observed to be divided into 33 amperes 
for the bay crossing and 7 amperes for 
mainland pipe. 

In anticipation of the La Quinta spur 
line’s current requirements a resistance 
bond was installed at the rectifier to 
limit the current for the bay crossing 
and redistribute it inland. When this was 
done in December, 1953, the current dis- 
tribution was 28 amperes for the bay 
crossing and 8 amperes for the mainland 
portions. After the resistance bond was 
connected into the negative lead for the 
bay crossing, the current distribution 
was 19 amperes for the bay and 14 am- 
peres for the mainland. 


Low Cos f 
protection! 


TYPE “NI” 


CATHODIC PROTECTION RECTIFIER 
The World's Mest Copied Rectifier 


ECONOMICAL—No costly shutdowns, no expensive replace- 
ments, continuous, trouble-free operation assures permanent, 


low-cost protection. 


EASY TO INSTALL—No heavy equipment needed. One or 
two ground bed anodes per rectifier are sufficient. No heavy 


cables. 


@ D.C. output ratings: 
18 volts — 3 amps 


SPECIFICATIONS 


18 volts — 
24 volts — 10 amps 


6 amps 36 volts — 6 amps 


36 volts — 10 amps 


11-Step Tap Changing Switch on the 18 volt models. 

Transformer and rectifier immersed in oil for maximum protection. 
Rectifier cells connected as a full-wave bridge. 

Input—115 volts, 60 cycles, Single-phase A.C. 

Outside dimensions 6” 0.D.x 12” high on 18 V-3A model. 


GOOD-ALL ELECTRIC MFG. CO. 


Electrical-Mechanical Division, Ogallala, Nebraska 


Figure 4—Resistance panel. 


Figure 4 shows the resistance panel 
used to limit the current going to the 
pipe in the bay. The negative lead of the 
rectifier is connected to terminal No. 1 
and the circuit is through the lower four 
5-ohm resistors connected as_ sixteen 
1% ohm resistors in parallel with a total 
resistance of 0.08-ohm with sufficient 
current capacity for the bond. The up- 
per 5-ohm resistor is a bond resistance 
to another pipeline to prevent interfer- 
ence. 

Subsequent surveys revealed this re- 
distribution was best because of the 
additional La Quinta line and because 
the current requirements were increas- 
ing on the older land lines. 

The rectifier is now operating at 8 
volts and 40 amperes. 


Conclusions 

As noted by other engineers’ experi- 
ence, the bay crossing lines were slow 
to polarize even with high current den- 
sities when applied for short durations. 
3ut the line did polarize and is being 
well protected by a relatively small cur- 
rent, about 20 amperes for the bay sec- 
tions, when applied continuously. The 
time element is important in polariza- 
tion. The same results were noted on 
the La Quinta line where no attempt 
was made to polarize with a surge ot 
high current. 

Current was distributed effectively by 
use of resistance bonds in the negative 
leads. 

The results indicate a fairly good in- 
sulation by coating systems used. | 

Current requirements have not in 
creased on the bay piping as they have 
on the land piping. 


Automation Exposition Set 


The Fourth International Automation 
Congress and Exposition is scheduled 
to be held June 9-13, 1958 at the New 
York Coliseum. Among the activities 
scheduled are the First Military Auto- 
mation Exposition and an international 
conference on cybernetics sponsored by 
the International Association of Cyber- 
netics. 


Pollution, Fretting Topics 


Air Pollution in the Iron and Steel 
Industry, a program sponsored by the 
Iron and Steel Institute, will be held 
September 25 in London and a Conter- 
ence on Lubrication with special atten- 
tion to fretting corrosion will be held 
at London October 1-3 under the aus- 
pices of the Institution of Mechanical 
Engineers. 
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Left: New pre-stressed concrete sleeper and sleeper after 212 years’ test under applied current. Right: Showing concrete spalled away from stress 


wires in wooden-plug type sleeper. 


Pre-Stressed Concrete Sleepers Tested 


For Service 


N ORDER TO determine the effect 

of electrical current discharged 
through rails to ground on pre-stressed 
concrete sleepers intended for use on 
electrified railways a two and one-half 
year experiment was conducted. Two 
types of sleeper were tested. One had 
ordinary wooden plugs into which the 
rail spikes were driven and the other 
had insulating plugs. 

A continuous electrical load provided 
by a 100-volt battery was applied in 
such a w ay that one set of sleepers con- 
sisting of one wooden plug and one in- 
sulating plug type was connected to the 
positive lead and one set was connected 
to the negative lead. 

Sleepers were prepared for the test by 
having a 20 cm section of steel rail 
spiked on. Each section had a lead wire 
welded to it. All then were buried. 

The load imposed on the test sleepers 
varied during the test period, depend- 
ing on the condition of the battery and 
on the weather. 

No external change occurred in the 
appearance of the insulator type and the 
cathodic wooden plug type during the 
period of loading. But in the anodic 
wooden plug type, cracks developed at 
the edge and in the middle after a lapse 
of about a year, They grew progres- 
sively until at the end of the second 
year the cracked part fell off and at the 
close of test the piano wires were broken 
to pieces, making the sleeper entirely 
unfit for service. 


Strength Test 
The test sleeper was subjected to a 
bending test in the 30 t Olsen Universal 
Testing Machine so as to develop cracks 


* Railway Technical Research Institute, Jap- 
anese National Railways, Tokyo, Japan. 


on Electrified Railways‘ 


Abstract 


Two and one-half years tests of buried 


prestressed concrete railroad sleepers under 
constant electrical load showed: Wooden 
plug type connected to anodic end of 
electrical current deteriorated rapidly, piano 
wires corroded apart and concrete ‘spalled 
away. Wooden plug type connected to 
negative end of current source showed 
little change. Insulating plug type sleepers 
showed no damage at either end of circuit. 


on the top surface of the middle part or 
on the part of the surface beneath the 
rail. Thus the prestress and the tensile 
strength of concrete were determined. 

After the bending test, the sleeper was 
partially broken to expose piano wires. 
The latter were checked with wire strain 
gages, and then the concrete was broken 
to release the prestress, which then was 
calculated. The results are given in 
Table 1. 


Breaking Test 

After the bending test, the sleeper was 
was destroyed with a 10-pound hammer 
to separate the reinforcing bars for cor- 
rosion inspection. The most severely 
corroded anodic sleeper of wooden plug 
type yielded easily to the blow of ham- 
mer. It was revealed that the only part 
escaping the corrosion was around the 
plug and its vicinity. The sleeper was 
most readily broken and separated from 
piano wires at the exit points of current, 
with some difficulty at the boundary of 
inlet and outlet, where the adhesion of 
wire to concrete was fairly strong. 

In contrast to the wooden plug type, 
the insulator type required about three 
times as much effort for destruction, 
tending to prove that there was no cor- 
rosion effect. 


Conclusion 
Provision of some electrical insulation 


TABLE 1—Strength Tests of Sleepers 








SLEEPER Section 


Wooden Plug (cathode) 
2.92 Stranded wire. . 


Middle top 
beneath rail 


Middle top 
beneath rail 


Ins ulation (anode) 
4@ solid wire 


Prestress 
kg/cm? 


(a) DETERMINED IN 
psoas TEST 


| (b) Prestress 
| Determined from 
the Tension of 
Piano Wire 
kg/cm? 


| Tensile Strength 
kg/ 


32 K 24 
42 24 
85 74 
35 ¢ 47 





% 


in fitting rails to the track is prerequisite 
to the use of concrete sleepers in sec- 
tions of electric railways, otherwise, the 
sleepers will corrode and have their 
service life cut by many years. 

Concrete sleepers in recent design are 
produced with insulator fixtures, which, 
however, are liable to collect dust and 
dirt in service. It is urgently necessary 
to determine the allowable extent of 
such pollution. 


Zinc and Cadmium Inhibit 
Growth of Metal “Whiskers” 


Tin-zine and tin-cadmium alloy sur- 
faces require a long and sometimes in- 
definite period to exhibit the character- 
istics of filamentary corrosion growth 
termed “whiskers.” This is reported in 
the 1956 Annual Report of the Tin Re- 
search Institute, Fraser Road, Green- 
ford, Middlesex, England. Tin coatings 
deposited from the available range of 
electrolytes all are liable to produce 
whiskers, the report says. 

The institute also is investigating the 
use of soluble inhibitors to prevent cor- 
rosion of tin. 


Alkali Metals Symposium 
Set by ACS in April 1958 


Lithium, sodium, potassium, rubidium, 
caesium and francium are to be topics 
of a symposium on alkali metals to be 
held during the 133rd National Meeting 
of the American Chemical Society. Mar- 
shall Sittig, American Lithium Institute, 
Inc. is chairman of the symposium 
which will be held during the April, 
1958 meeting. 

Some topics tentatively scheduled in- 
clude new developments in analysis, in 
handling equipment, sodium as a nuclear 
reactor coolant and numerous others. 
Papers on the subject will be considered 
by the chairman, whose address is 32 
Nassau St., P. O. Box 549, Princeton, 
Ni. J. 


Seven major corrosion coordinating com- 
mittees have affiliated with NACE. 
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Get complete corrosion protection with 
one quick, easy spray application 


Hard-to-spray areas, like this radio tower, are coated in one 
application with DeVilbiss spray equipment. No damage 
claims either, thanks to new, fast-drying coating materials. 


DeVilbiss equipment will spray all types of anti-corrosion 
coatings—aluminum, vinyl, mastic, asphalt. Note the 
toughness of this heavy, spray-applied Plastisol coating. 


FREE! 


Send for new, data- 
packed Catalog M-52 
containing information 
and specifications on: 


e Spray Guns Hose and Connections 


e Air Compressors e Hot-Spray Outfits 


e Paint Tanks e Paint Pumps 


TECHNICAL TOPICS 121 


The DeVilbiss spray method penetrates hard-to- 
reach areas . . . provides even, protective coatings 
for irregular surfaces . . . simplifies application of 
extra heavy coatings. 


When applied by the DeVilbiss spray method, pro- 
tective coatings look better, wear better. That's be- 
cause spraying under pressure penetrates and covers 
every surface pore, crack, and crevice with an even, 
uniform coating. Result: longer-lasting protection 
against corrosion! 


Uniform coverage for rough surfaces! 


Brushing and other methods of application often 
result in uneven coatings. This is especially true on 
corners, ridges and rough surfaces which are generally 
wiped thin. In contrast, the DeVilbiss spray method 
ensures a heavy, uniform film build on all surfaces. 


Complete coverage for “inaccessible” surfaces! 


Areas which are “inaccessible” by brush or ordinary 
applicators, are easy to coat by the DeVilbiss spray 
method. What’s more, spray-coating this type of area 
is at least four times faster, produces a more uniform 
coating, and reduces the extra labor of reaching or 
dipping to carry the paint to the surface. 


For full information on the DeVilbiss line of spray 
equipment, air compressors, hose and connections, 
call your nearest DeVilbiss supplier today. 


THE DEVILBISS COMPANY 
Toledo 1, Ohio 


Barrie, Ontario * London, England 


Branch Offices in Principal Cities 


oo) =) a8 me 4. \ i lol ae 1h 


DeVILBISS 
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Chemically Deposited Nickel Alloy Coatings* 


HEMICAL NICKEL alloy can be 

deposited autocatalytically from a 
solution of nickel salt by sodium hypo- 
phosphite as the reducing agent. The 
alloy is deposited by one process* at an 
average rate of 0.00l-inch per hour on 
all surfaces regardless of contour. Devel- 
opment of the process started ten years 
ago with the object of finding an easily 
applied and satisfactory lining for rail- 
road tank cars. 

The process since has ben licensed for 
a wide variety of purposes in many 
countries. 

Its principal advantage is that consid- 
erable savings often can be realized by 
constructing large units of carbon steel 
and then applying a thin coating of 
nickel alloy. This avoids the sometimes 
costly and time consuming procedures 
that must be followed in fabrication of 
clad materials. 


Corrosion Resistance 


Some commodities to which chemi- 
cally deposited nickel coatings are re- 
sistant are so corrosive to steel that the 
% Digested from an article ‘Chemically De- 
posited Nickel Alloy Tank Coatings for Com- 

modity Transport,’’ by William J. Crehan, 

General American Transportation Corpora- 

tion, Chicago and presented at a meeting of 

South Central Region, National Association 
of Corrosion Engineers at San Antonio, 
Texas, October 23-26, 1956, 

* Patented by General American 
tion Corporation. 


Transporta- 


Corn Products Refining Co., 
Argo, Ill. Inertol’s Florwear pro- 
vides essential, economical pro- 
tection in starch shaker rooms. 
Maintenance of machines and 
clean-up operations cause 
heavy foot traffic. But Florwear 
is made to take abuse. 


Abstract 
Some data on resistance of chemically 
deposited nickel alloy coatings to corro- 
sives are given and techniques of applica- 
tion and heat treatment described. 


risk is too great to attempt storage or 
transfer in plated containers. One such 
commodity is nitrosyl! chloride, which 
attacks steel so rapidly that any fault in 
plating would develop quickly into a 
hole, releasing the dangerous chemical 
from the tank. 

Numerous other chemicals, however, 
exhibit varying rates of attack as shown 
in Table 1, 

Corrosion resistance of chemically de- 
posited nickel coatings can be enhanced 
in some instances by heat treatment at 
temperatures about its transition point 
(400-750 C). Tanks plated before stress 
relieving make it possible to give better 
properties to the coating and make it 
suitable for some commodities for which 
it would not be recommended without 
the additional treatment. Heat improves 
resistance to acidic more than to alka- 
line media as shown in Table 2. 


Plating Practice 
A tank car normally receives 0.003- 
inch of nickel, a compromise between 
cost and expected service life of vessels 
fabricated from 3% or Y%-inch sheets. 
When thicker plates are used, more 
nickel can be deposited at attractive sav- 


Corn Products Refining Co. 
Selects FLORWEAR Paint 
for Shaker Room Floors 


The Argo, Illinois, plant of Corn Products Refining 
Co., world’s largest manufacturer of corn-derived 
products,was searching for an economically priced 
floor paint. Inertol’s Florwear was tested with satis- 
factory results. It was put into full-scale use on more 
than 15,000 square feet of concrete floor. 

Florwear is a chemical- and wear-resistant paint 
specifically formulated for indoor concrete floors. 
Write today for Florwear Data Sheet C-518. Also 
available, without charge, are Engineers’ Painting 
Guide, C-751-T, and Principal Types of Protective 
Coatings, C-754. 


& 


ww 


Inertol...a complete line of quality coatings 


INERTOL Co@O., INC. 


477 Frelinghuysen Ave., Newark 12, N. J.*27A South Park, San Francisco 7, Cal. 





Visit our booth at the Federation of Sewage & Industrial Wastes Assn. Convention, Boston, Oct. 7-10 


TABLE 1—Kanigen Nickel Alloy Corrosion 
Rates 

For Selected Commodities Transported in Tank 
Cars or Stored in Tanks 

Penetration Mils 


Material Per Year 


Acetone no : 
Acetylene bromide no ee 
Ethyl alcohol 006 
Methyl alcohol no attack 
Ammoniated ammonium nitrate....., 31 
Ammonium nitrate 63%........ no attack 
Amyl acetate -002 
Amy] alcohol -+-no attack 
Benzol ---no attack 
Carbon disulphide no attack 
Dibutyl phthalate 


Gasoline 

Glucose 

Oleic acid 

Phenol (conc.) 3 
Sherry wine not recommended 
Sodium hydroxide 72% (240F) 

Stearic acid (158F) 


TABLE 2—-Effect of Heat Treatment 


1400F, Inert Atmosphere, on Improvement of 
Corrosion Resistance of Kanigen to Certain 
Acidic Media 
Penetration Mils 
Per Year 
Material Heat 
(Aerated) As Plated Treated 
Acetic acid, 5%......... 5.12 0.13 
Acetic acid, o 0.07 
Acetic acid, sae 0.08 
Acetic acid, ae 0.001 
Citric acid, 5 0.15 
Lactic acid, 0 0.005 
Lactic acid, v 0.46 0.03 
Sulphuric acid, 1% not recommended 0,35 


ings in cost over solid alloys of com- 
parable thickness. 

Car tanks usually are stress relieved 
at about 1200 F. Because the plating re- 
quires a slightly reducing atmosphere 


in this operation, at the Sharon works 
of General American Transportation 
Company cracked natural gas is fed into 
the closed interior of the car during 
heating and cooling cycles. 

Items other than tank cars plated at 
this facility include a steam turbine cas- 
ing (5-mil coating) used in a nuclear 
power project and several large high 
pressure gas storage vessels, 3 feet in 
diameter by 54 feet long with 2-inch 
thick walls. 

Heat exchangers, storage tanks and 
fabricated vessels similar to car tanks 
are plated also. 


Receipt Date Invalidated 
As Patent Criterion 


The date of receipt by a publisher of 
an account of a process no longer will 
be accepted by the United States Patent 
Office as the effective filing date tor 
patents. This follows a ruling by the 
Court of Customs and Patent Appeals 
reversing a long series of decisions by 
the patent office in which the date ot 
receipt of an article by a publisher, even 
though months in advance of actual pub- 
lication date, had been accepted as the 
effective filing date. The court’s ruling 
held that only the actual publication date 
is significant. 

Other consequences of the ruling are 
that dated research notes of emploves 
of U. S. companies’ foreign subsidiaries 
no longer are acceptable for patent pur- 
poses in the United States. Presentation 
of more and detailed reports on tech- 
nical findings at technical meetings (con- 
stituting “publication” in the legal sense) 
will be more popular. 
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TECHNICAL 


TOPICS 


Inco high-temperature research note: 


Bunker “C”’ fuel ol 


and its effects on heat resistant alloys 


The use of Bunker “C” and other types of re- 
sidual fuel oils for industrial heating poses a 
severe high temperature corrosion problem. 


Combustion products from these fuels include 
a considerable amount of ash containing vana- 
dium pentoxide, sodium and sulfur compounds, 
which have a low fusion temperature. 


,When this ash is liquid, it creates a fluxing 
action on the metals and high corrosion rates 
follow. 


Since long field experience has shown all of the 
heat resistant alloy to be susceptible to this type 
of damage, an approach based on the addition of 
substances to the fuel oil to prevent the ash from 
becoming molten has been adopted. 


Inco High Temperature Engineering 
Service conducts in-plant tests 


Inco engineers—in cooperation with several 
Steam Power and Stationary Gas Turbine com- 


Test racks 
after exposure 


Each rack carried 
many specimens 
of different com- 
positions, all pre- 
cisely measured 
before installa- 
tion. Corrosion 
rates are devel- 
oped from these 
specimens by met- 
allographic exam- 
ination. 





panies have conducted a series of in-plant tests 
in order to determine the behavior of certain 
high temperature alloys when exposed to Bunker 
“C” burned with or without additives. 


Corrosion results were obtained on both cast 
and wrought alloys as well as on some alloys with 
various coatings. The bar graph (below) shows 
the results of nine of the alloys tested. ( Note for 
example, the performance of type 310 under the 


severe vanadium, sodium and sulfur environ- 
ment. ) 


In general, data derived from this Inco High 
Temperature test points up the benefits of using 
additives when burning Bunker ‘“C”’ fuel oil. It 
also provides a basis for material selection in 
terms of cost and length of service. 


Inco has investigated many metals and alloys 
under hundreds of high temperature environ- 
ments. If you have a metal problem involving 
high temperature performance let us help you. 
Send for our High Temperature Work Sheet... 
a form that makes it easy for you to outline your 
problem to us. 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street New York 5, N. Y. 


sy 
& 


ty bl | 


Moa OULU LE 


eee ry ey) eet dS 


ai 
a 


CORROSION RATE iN [PY —» 


el 
_ 
SO j 


} DM 


BASS 


CST 


AUS 


SSAA 


MS EEE ETT Err 


enna 


AALS 


pee 


ALLOYS STE pe 





8a 
a Se 


m 
=| 


CORROSION——-NATIONAL ASSOCIATION OF CORROSION ENGINEERS 


HYDROGEN ABSORPTION, 
EMBRITTLEMENT 
and FRACTURE of STEEL 


By Arnold E. Schuetz, Research Department, Bridgeport Brass Company, Bridgeport, Conn. and W. D. Robertson, Hammond 


Reprint Copies 
Available Now! 


/ 
Per $ 
Copy 
Postpaid 


This 24-page illustrated report is replete with figures 
and tables on this basic research project’s findings. 


Basic Facts on 
Mechanism of 


Hydrogen Sulfide 


Stress Corrosion 


The findings of a 4-year inquiry into the 
fundamental reactions involved in the so- 
called spontaneous fracture of steel as a re- 
sult of hydrogen absorption in the presence 
of sulfides. 


This project, supervised by NACE’s Technical Unit 
Committee T-1G on Sulfide Stress Corrosion Crack- 
ing, was financed by industrial firms concerned 
with this problem in the expectation that an un- 
derstanding of the fundamental reactions involved 
would lead to a solution. 


Data in this report are expected to be useful not only in im- 
mediate steps to reduce the losses due to spontaneous failure 
but also as a foundation for subsequent inquiries into phe- 
nomena associated with hydrogen absorption and embrittle- 
ment of steel. 


: A. B. Campbell, Executive Secretary 
National Association of Corrosion Engineers Publication 
1061 M & M Blidg., Houston 2, Texas No. 57-17 


(Please Print) 





Name 





Number and Street Name or Postoffice Box No. 


SSSR? ‘ ot Zone State 

Remittance Enclosed for: Add 65c per package to all ad- 
-___— Copies at $2 Cambekaatss dresses outside the United States, 
Book Post Registry... Canada and Mexico for Book Post 


Registry. 


ORDER YOUR 
COPY TODAY 


If you are concerned with operation 
of equipment subjected to hydrogen 
sulfide environments or are manufac- 
turing equipment for service in this 
environment you will want a copy of 
this report. 


Another Contribution 
of NACE to the 
Understanding of 
Corrosion Processes 


uw 


ww 


Oa r7ruvuvrwm nv 


ao 






















Vol. 13 August, 1957 No. 8 
a 
Page 
]. GENERAL 
1.2 Importance 125 
1.4 Bibliographies and Indexes. ene AS 
TIO tery: ornate Pc gat oes .. 126 
1.7 Organized Studies of Corrosion 126 
2. TESTING 
2) Gaserdl. . oo... se. einen eee 
2.2 On Location Tests Beatie: = eae 
2.3 Laboratory Methods and Tests. 128 
2.4 Instrumentation ............ poe 
3. CHARACTERISTIC 
CORROSION PHENOMENA 
WUIGONEIOE =. 06. Sooke cee eeecess, MEE 
a Se vin Sale xbeie . wae 
3.3 Biological Effects. Ses ree Solar oa 134 
3.5 Physical and Mechanical Effects. . 134 
3.6 Electrochemical Effects .......... 136 
3.7 Metallurgical Effects ........... 136 
3.8 Miscellaneous Principles ......... 136 
4, CORROSIVE ENVIRONMENTS 
OE 138 
4.3 Chemicals, Inorganic ............ 138 
4.6 Water and Steam....... cick sieve 
5. PREVENTIVE MEASURES 
5.2 Cathodic Protection ............. 139 
5.3 Metallic Coatings ..............- 140 


5.4 Non-Metallic Coatings and Paints. 141 
5.5 Oil and Grease Coatings......... 144 
5.8 Inhibitors and Passivators........ 144 
5.9 Surface Treatment .......... 144 
5.11 Design—Influence on Concaien . 145 


6. MATERIALS OF CONSTRUCTION 

6.2 Ferrous Metals and Alloys........ 145 
6.3 Non-Ferrous Metals 

and Alloys—Heavy ........ .. 146 
6.4 Non-Ferrous Metals 

and Alloys—Light .......... oat. Wee 
6.6 Non-Metallic Materials ... 3 6 
6.7 Duplex Materials ............... 150 


7. EQUIPMENT 
7.1 Engines, Bearings and Turbines 150 


7.2 Valves, Pipes and Meters........ 152 
7.4 Heat Exchangers .......... . 53 
7.5 Containers sf : 154 
7.6 Unit Process Seuigment. oe . 154 


7.7 Electrical—Telephone and Radio.. 156 
7.8 Wires and Cables— 


Non-Electrical _. , Sainiek ae ae 

PEON OHMBE oi oss isncxene’ sca Mi 
8. INDUSTRIES 

8.2 Group2 .. vost 157 
8.3 Group 3 Toners . 158 
8.4 Group4 ..... ee 158 
8.8 Group8 ... are grnt ... 160 
8.9 Group 9 eae : oe ee 


(Note: Industries in Groups will be itemized in 
Annual Index to Corrosion Abstracts published 
in December Index Issue.) 


Ve 





GENERAL 
1.2 Importance 


LZ5 

Explosions and Poisons: A Compari- 
son of American and British Precauions. 
J.H.F.Smirx. Trans. Inst. Chem. Engrs., 
34, No. 2, 127-145 (1956). 

Interlocking devices, inflammability 
limits, explosion reliefs (bursting discs, 
etc.), inflammable liquids, explosion 
suppression, industrial hygiene, preven- 
tion of poisoning and injuries due to 
corrosive chemicals. 50 references.— 
BNF. 13382 


1.2.5, 6.3.15, 4.3.2 

Safe Conditions for Applying Tita- 
nium in HAPO Process Equipment. 
R. E. SmitrH. Hansford Atomic Products 
Operations. U. S. Atomic Energy Comm. 
Pubn., HW-44837, August 6, 1956, 7 pp. 
Available from Office of Technical Serv- 
ices, Washington, D. C. 

Laboratory investigations and indus- 
trial experience indicate nitric acid- 
titanium systems are not explosive if 
the nitric acid contains more than 2% 


water.—NSA. 13362 
1.4 Bibliographies and Indexes 


1.4, 6.1, 3.1 

Corrosion: A Bibliography of Unclas- 
sified Report Literature. Technical In- 
formation Service Extension, U. S. 
Atomic Energy Comm., TID- 3302, July, 
1956, 36 pp. Available from Office of 









































PHOTOPRINTS and/or 
MICROFILM COPIES 
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ENGINEERING SOCIETIES LIBRARY, 
29 West 39th Street, New York 18, 
N. Y. 

CARNEGIE LIBRARY OF PITTSBURGH, 
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NEW YORK PUBLIC LIBRARY, New 
York City, 

U. S. DEPT. OF AGRICULTURE 
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Persons who wish to secure copies of 
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The National Association of Corrosion 
Engineers offers no warranty of any 
nature concerning these sources, and 
publishes the names for information 
only. 

NACE will NOT accept orders for 
photoprint or microfilm copies of ma- 
terial not published by the association. 





CODE OF AGENCIES SUPPLYING CORROSION ABSTRACTS 


Neither NACE nor the sources listed below furnish reprint copies. 


ALL—The Abstract Bulletin, Aluminum Laborato- 
ries, Ltd. P. O. Box 84, Kingston, Ontario. 

ATS—Associated Technical Services Abstracts, 
Associated Technical Services, P. O. Box 
271, East Orange, N. J 

AWWA—Journal, American Water Works Associ- 
ation, Amer. Water _— Assoc., 521 Fifth 
Ave., New York 17, N. 

BL—Current Technical siete Bell Telephone 
Laboratories, Inc., Murray Hill, N. J. 

BTR—Battelle Technical Review, Battelle Memo- 
rial Institute, 505 King Ave., Columbus 1, 
Ohio. 

CBEC—Centre Belge d’Etude de Ia Corrosion 
(CEBELCOR), 17 re des Drapiers, Brussels, 
Belgium. 

CE—Chemical Engineering, McGraw Hill oe 
ing Co. 330 W. 42nd St., New York 18, N. Y. 

EL—Electroplating. 83/85 Udney Park iion 
Teddington, Middlesex, England. 

EW—Electrical World, McGraw-Hill +e 
Co. 330 W. 42nd St., New York 18, N. Y. 

GPC—General Petroleum Corp. of Colfer 2525 
East 37th St., Los Angeles 11, Cal 

11M—Transactions, The Indian Institute of 
Metals, 23-B, Notaji Subhas Road, P. O. 
Box 737, Calcutta, India, 

INCO—The International Nickel Co., Inc. 67 Wall 
Street, New York 5, New York. 

I1P—Institute of Petroleum. 26 Portland Place, 
London W#1, England. 

JSPS—Japan Society for the Promotion of Science, 
Address: Mr. Hayata Shigeno, Secretary, 
Committee of Preventing Corrosion, c/o 
Government Chemical Industrial Research 
Institute, 1-Chrome Nakameguro, Meguroku, 
Tokyo, Japan. 


MA—Metallurgical Abstracts, Institute of Met. 
als, London, England. 4 Grosvenor Gardens, 
London SW 1, England. 

Mi—Metallurgia italiana, Asseciazone Italiana 
¢ senna Via S. Paola, 10, Milano, 

alia. 

MR—Metals Review, American Society of Metals. 
7301 Euclid Ave., Cleveland 3, Ohio. 

NALCO—National Aluminate Corp. 6216 West 
66th Place, Chicago 38, Illinois. 

NBS—National Bureau of Standards. wr of 
Documents, U. S oo "t Printing Office, 
Washington 25, D. 

NSA—Nuclear Science ahinete: United States 
Atomic Energy Commission, Technical In- 
formation Division, Oak Ridge, Tenn. 

PDA—Prevention Deterioration Abstracts. Na- 
tional Research Council, 2101 Constitution 
Ave., Washington 25, D.C. 

RAD—Reynolds Aluminum Digest, 2500 South 
Third Street, Louisville, Kentucky 

RM—Revue de Metallurgie, Paris, France. 5 Cite 
Pigalle, Paris (9e), France. 

RPi—Review of Current Literature Relating to 
the Paint, Celour, Varnish and Allied Indus- 
tries, Research Association of British Paint, 
Colour & Varnish Manufacturers, London. 
Waldegrave Rd., Teddington, Middlesex. 

SE—Stah! Und Eisen, Verlag Stahleisen, M. B. H., 
Dusseldorf, August-Thysen Str. 1. Posts- 
check Koln 4110, (22a) Dusseldorf, Germany. 

TIME—Transactions of Institute of Marine Engi- 
—_ 85 The Minories, London EC 3, Eng- 
and. 

UOP—Universal Oil Products. 310 South Michi- 
gan Ave., Chicago, IIlinois. 

ZDA—Zinc Development Association. 34 Berkeley 
Square, London W.1. 
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Technical Services, Washington, D. C. 

This bibliography contains 111 anno- 
tated references to classified reports on 
the corrosion of alloys, commercial al- 
loys, ceramics and plastics. References 
are included to reports written prior to 
December 15, 1953. Author, subject and 
report number indexes are provided. 
(auth).—NSA. 13409 





1.6 Books 





$6,33;5.1,2:31 

Theories and Methods of Testing for 
Corrosion of Metals. (In French.) G. V. 
AxiMov (Translated by S. Medvedieff). 
Book, 1957, 607 pp. Dunod, 92 Rue 
Bonaparte, Paris 6, France. 


This is a translation of the well- 
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known Russian work by G. Akimoy. 
Among other things it cchoica discus- 
sions on chemical corrosion and forma- 
tion of protective coatings; electrochem- 
ical theories on corrosion; a study of 
electrode potentials; a study of the de- 
velopment of various kinds of corrosion; 
factors determining corrosion; corrosion 
indicators; theories concerning cathodic 
protection and depolarization by oxy- 
gen; experimental studies on cathodic 
protection of different metals. 

The book, which has 388 figures, is 
likely to have much valuable basic in- 
formaion for persons sufficiently fluent 
in French. 

Chapter 3 of this book was published 
in English translation in Corrosion jn 
the November and December, 1955, issues. 


13464 


1.6,:3.1,5.4;48, 6; 

Corrosion: A Compilation. M. G. Fon- 
= A. Book, Jan., 1957, 240 pp. The Press 

Hollenback, Columbus, Ohio. 

ne collection of the columns on corro- 
sion by Mars G. Fontana published in 
Industrial and Engineering Chemistry over 
the past ten years. Dr. Fontana has ar- 
ranged the columns by chapters which 
are essentially an outline of a course on 
corrosion, The compilation will be used 
by Dr. Fontana at Ohio State University 
as a text in corrosion courses and it is 
recommended as assigned reading for 
corrosion students. 

Many of the articles include corrosion 
data useful in industry and not readily 
available elsewhere. Of special interest 
and completeness is the chapter on test- 
ing. Usefulness of the material is en- 
hanced by an extensive subject index. 

Chapters are: Nature and_ Extent, 
Eight Forms of Corrosion, Eight Meth- 
ods for Combating Corrosion, Corrosion 
Testing and Evaluation, Materials, En- 
vironments and High Temperature 
Oxidation. 


1.6, 6.5 

Industrial Non-Ferrous Metals and 
Alloys. (In Russian.) A. P. SMIRYAGIN 
Book, 1956, 559 pp. Metallurgizdat, 30 
Tsvetnoi Bul’var, Moscow, USSR. 

Gives physical and mechanical prop- 
erties, corrosion resistance, effect of im- 
purities, heat treatment, casting or 
working conditions, etc. The 10 chapters 
deal with commercial copper, brasses, 
bronzes, nickel and cupro-nickel alloys, 
aluminum and its alloys, tin and tin 
alloys, lead and lead alloys, zinc and 
zine alloys, titanium and its alloys. 445 
tables, 458 figures. A useful feature of 
this book is that it gives the composi- 
tions for the alloys covered by various 
Russian specifications.—BNF. 13386 





1.7 Organized Studies of 
Corrosion 





17.1 
Corrosion Research Laboratories. Part 
VIII. Massachusetts Institute of Tech- 
nology. H. H. Ux ic. Corrosion Technol- 
ogy, 3, No. 2, 36-41, 58 (1956) Feb. 
History and work c arried out at MIT. 
Reference made to 55  publications— 


BNF. 


7B 

Corrosion Research Laboratories. Pt. 
X. Cables and Wire: BICC Research. 
R. L. Davies. Corrosion Technology, 3, 
No. 6, 181-184 (1956) June. 

The BICC corrosion research labo- 
ratory (part of the company’s research 
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August, 1957 


organization, the main sections of which 
are at Wood Lane, London) was estab- 
ished in 1949 at Kirkleyl, near Liverpool. 
Problems under examination include 
underground cable sheathing, aluminum- 
sheathed cable, biological attack, cables 
in special environments, problems of 
railway electrification schemes.—BNF. 


12718 


1.7.2 

Station for the Study of Corrosion 
and Marine Fouling Under Tropical 
Conditions. V. RomMaANovsky. Peintures, 
Pigments, Vernis, 32, No. 4, 309-313 
(1956). 

The tropical testing station at Abidjan 
of the Centre de Recherches at d’Etudes 
Oceanographiques is described, with 
photographs. Graphs are given illustrat- 
ing the annual variation in temperature, 
humidity, rainfall, salinity and tempera- 
ture of the sea. Some observations are 
given on the efficiency of the station as 
a testing site. Antifouling paints which 
began to lose their efficiency only after 
six months at La Pathie are ineffective 
after only two months at Abidjan.— 
RPI. 13367 








2. TESTING 





2.1 General 





2.1.2, 2.3.2 


Quick Testing Method for Determi- 
nation of Corrosion Resistance of Sur- 
faces. (In German.) WILHELM KERTH. 
Elektrotech. Z., 77, Ser. A, No. 5, 137-138 
(1956) March. 

Evaluation of degree of corrosion after 
testing. Six references.—BTR. 12054 


2.1.2, 2.3.2, 6.2.5 


Structure vs. Corrosion Rate for Type 
304L Stainless. J. H. Scorr. Metal Prog- 
ress, 69, 80B (1956) March. 

Rating system used to predict whether 
plates of Type 304L stainless steel will 
have less than specified corrosion rate of 
0.0020-inch per month after 240-hour ex- 
posure to boiling nitric acid. Micrographs. 
BTR. 12128 


2.1.1, 3.5.8, 6.2.4, 2.3.7 


Statistical Evaluation of Variation in 
Endurance Limit Among Several Heats 
of Propeller Type Steel. W. L. Starkey, 
S. M. Marco anv R. R. Gatrts. Ohio State 
University Research Foundation. U. S. 
Wright Air Development Center Pubn., 
Aug., 1956, 147 pp. Available from Office 
of Technical Services, U. S. Dept. of 
Commerce, Washington 25, D. C. (Or- 
der PB 121654). 

This investigation was designed to 
evaluate the variation in fatigue proper- 
ties of typical steels used in propeller 
construction. Heats of SAE 4330, 4340 
and 4350 aircraft quality steel, heat 
treated to approximately Rockwell C43 
hardness were subjected to Prot-type 
Totating bending endurance tests. Sepa- 
rate estimates of the arithmetic average 
and the standard deviation of the en- 
durance test were determined for each 
heat. An evaluation was made of the 
extent of agreement between the data 
obtained and a normal frequency distri- 
bution of the endurance limits of each 
specimen. Confidence limits of 95% 
were established for each estimate of 
average endurance limit. Effects of vari- 
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ous parameters on the average and on 
the standard deviation of specimen en- 
durance limits were studied. Endurance 
tests also were performed to compare 
the results of Prot-type tests with con- 
ventional endurance tests. 13411 


2.2 On Location Tests 


2.2.1, 8.4.3, 5.1, 1.6 

Sixth Biennial Corrosion Tour, Har- 
oLD S. WINSTON AND JOHN C. Watts, JR., 
Editors. 1956, 62 pp. Available from: 
Roscoe Jarmon, Cardinal Chemical Co., 
30x 2049, Odessa, Texas. 

This is a report on the Sixth Biennial 
Corrosion Tour sponsored by Permian 
Basin Section of the National Associa- 
tion of Corrosion Engineers. The book 
includes talks by persons at discussion 
sessions, a map showing the area cov- 
ered by the tour, descriptions and com- 
ments on the exhibits included in the 
tour. Exhibits included plastic piping, 
tanks, combustion units, internally coated 
flow lines, inhibitor injectors, salt water 
disposal systems, cathodic protection in- 
stallations on casing, various kinds of pro- 
tective coating systems, concrete lined pipe 
and numerous other oilfield structures. 


12644 


222 

Report of Subcommittee VI, of Com- 
mittee B-3, on Atmospheric Corrosion. 
H. R. Corson, chairman. Paper from 
“Symposium on Atmospheric Corrosion 
of Non-Ferrous Metals,’ ASTM Special 
Publication No. 175, 1956, 3-19. Ameri- 
can Society for Testing Materials, 1916 
Race St., Philadelphia, Pennsylvania. 

Tabulated data on 24 non-ferrous metals 


and alloys which were exposed to the 


locations.—BTR. 
12748 


atmosphere at seven 


2.2.2; 54:5,5.3.2 

Painted Steel Plates. Pt. XVI. J. 
STRINGER. Ministry of Supply, Tropical 
Testing Establishment, Port Harcourt, 
Nigeria, TTE Report 472, June, 1956, 5 pp. 

Two series of steel plates, with four 
different treatments applied to the steel 
before painting with various primers 
and finishes have been exposed in the 
tropics, one series in a jungle clearing, 
the other on a surf beach. After seven 
years at the jungle site rusting is still 
confined to the pickled specimens, but 
at the marine site the terne-coated pan- 
els and one galvanized panel also show 
rusting. All the metal-protected samples 
at the latter site show some non-ferrous 
corrosion products, but none is reported 
at the jungle site. At both sites paint 
defects occur more extensively on the 
panels which have no metal protection. 
The trial continues.—RPI. 13429 


2.2.2, 6.4.2, 5.4.5 

On Painting of Aluminium. ArarTa 
MatsuoKa AND Haruo UENo. Light Met- 
als (Japan), No. 20, 88-92 (1956) August. 

To determine suitable paints for alu- 
minum sheet for architectural purposes 
each of the paints for final coatings such 
as Glypton, Kaktas Enamel, Vinyl, 
lacquer and oil enamel was combined 
with wash primer or Zinca and was 
sprayed onto aluminum sheets and ex- 
posed in the open air for 400 days. 
These experiments were carried out at a 
place 720 meters above sea level having 
the lowest temperature of 11 C below 
zero and a highest temperature of 32 C. 
It was found that: 1) Oil enamel was 


144q 
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the least resistant to weathering even 
though priming treatment and a first 
coating of paint were applied. 2) With 
the exception of using Vinyl alone, 
Glypton, Kaktas Enamel and Vinal 
achieved sufficient protection of the 
metal surface. 3) Wash Primer and 
Zinca are definitely good paints for ap- 
plying to aluminum sheet. 4) As the 
number of days of exposure to the open 
air increased, the flexibility and adhe- 
siveness decreased considerably. 5) With 
the combination of wash primer and oil 
enamel, the wash primer coating peeled 
off from the surface of the metal—ALL. 

13281 


2.258; 21.1 

Some Timely Tips on How to Inter- 
pret Tubing Caliper Surveys, J. T. Mar- 
rin. The Texas Co. Petroleum Engr. 28, 
No. 6, B31-B36 (1956) June. 

Tubing calipers with the same shape 
feelers and spring tension should be 
used in any well for the life of a partic- 
ular string of tubing and two instruments 
should be run simultaneously. Charac- 
teristic chart line deflection interpreta- 
tion is discussed. The caliper charts 
represent the corrosion rate, status and 
location throughout the entire length of 
tubing string. 13286 


2.3 Laboratory Methods 
and Tests 


2.3.2 

Evaluation of Thin Iron Films as 
Sensitive Corrosion Indicators. D. 
Rotter. U. S. Wright Air Development 
Center, Tech. Rept. 56-237, June, 1956, 
32 pp. Available from Office of Techni- 
cal Services, U. S. Dept. of Commerce, 
Washington, D. C. (Order PB 121536). 

A preliminary evaluation of corrosion 
rates of thin, continuous, adherent vac- 
uum deposited iron films in various hu- 
midities to determine their suitability 
as corrosion indicators is described. 
Variables investigated included film thick- 
ness and film substrate as it affected 
corrosion rates in various humidities. 
Thin pure iron films corroded readily in 
high static humidities. Photomicrographs, 
diagrams, 28 references—INCO. 13450 


23.2 

The ASTM Copper-Strip Corrosion 
Standards. R. C. Matratt, P. A. DeEmMxKo- 
vIcH AND W. V. Cropper. Standard Oil 
Co. ASTM Bull., No. 218, 49-51 (1956) 
Dec. 

Copper-strip test method D 130 is 
most widely applicable of current stand- 
ard copper-strip tests for measuring 
corrosive action of sulfur and sulfur 
compounds. Description of development 
of copper-strip method of testing and 
procedure and interpretation of results 
of corroded copper strips are given. 
Visual standards are given for use in 
evaluating copper strip that has under- 
gone ASTM D 130 procedure for detec- 
tion of sulfur corrosiveness in petroleum 
products. Graphs.—INCO. 13291 


2:3;2 

Accelerated Testing of Metallic Sur- 
faces: The Salt Spray Test and Its 
Modifications. W. D. McMaster. Gen. 
Motors Corp. Metal Finishing, 54, No. 
11, 48-51, 55 (1956) Nov. 

Describes techniques and applications 
of 20% neutral salt spray, 5% neutral 
salt spray and acetic acid salt spray 
tests as specified by the American Soci- 
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ety for Testing Materials. Acetic acid 
salt spray test is recommended for 
evaluation of thickness and general quality 
of zinc and cadmium plate and of copper- 
nickel-chromium plate on steel and on 
zinc-base die castings. Typical test re. 
sults including Performance Index Num- 
ber are tabulated. Raising acetic acid 
salt spray test temperature from 95 F 
to 120 F accelerates test time to one 
third the time required at 95 F. Another 
accelerated test is Corrodekote Test of the 
American Electroplaters’ Soc.—INCO. 

13293 


2.3.2 

A New Atmospheric Cycling Test for 
Corrosion Study. T. J. Nussporrer ayp 
D. O. Wuite. ASTM Bull., No. 214 
61-65 (1956) May. 

Description of apparatus and test 
method for evaluating effectiveness of 
volatile corrosion inhibitors and _pre- 
servative oils in reciprocating and turbo- 
jet engines. Apparatus is so constructed 
that daily cycle at atmospheric condi- 
tions is achieved. Relative humidity and 
temperature of atmosphere are main- 
tained constant, while temperatures of 
specimens are controlled by prearranged 
cycle, thus alternating exposed specimen 
surfaces between moist condition and 
thoroughly dry condition. Qualitative 
correlation of laboratory with field re- 
sults, involving ferrous cylinder as- 
semblies of reciprocating engines and 
stainless steel blades and magnesium 
components of turbojet engines (cor- 
roded by salt spray sucked into com- 
pressor section), was demonstrated. 
Illustrations, graphs.—INCO. 12745 


2.3:2, 6.2.5 

On Hot Corrosion in Common Hypo- 
chlorite of 18-8 Ti, 18-8 and 18-Ti Welded 
Stainless Steels. (In Italian.) C. Bicur 
AND G. Pancatpt. Metallurgia Italiana, 48, 
No. 2, 73-81 (1956) Feb. 

Accelerated corrosion tests using sam- 
ples with flat or curved surfaces in differ- 
ent dipping conditions. Corrosion prod- 
ucts, dissolved in the hypochlorite, were 
determined by colorimetric methods, Pho- 
tographs, tables, micrographs. 26 refer- 
ences.—BTR. 11968 


2.3.4 

Determination of Aluminum in Chro- 
mic-Phosphoric Acid Solutions. Deter- 
mination of Aluminum in Aluminum 
Corrosion Products. C. Groot, R. M. 
PEEKEMA AND V. H. Troutner. Hanford 
Atomic Products Operation, Richland, 
Washington. U. S. Atomic Energy Comm. 
Pubn., HW-40497, January 16, 1956, 29 
pp. Available from: Office of Technical 
Services, Washington, D. C. 

A method is described for the deter- 
mination of aluminum in aluminum cor- 
rosion products. The corrosion products 
are stripped from the aluminum with 2% 
chromic-5% phosphoric acid solution. 
This solution is analyzed colorimetrically 
for aluminum using aurintricarboxylate 
(aluminon). Methods for minimizing 1n- 
terference caused by chromate ion and 
phosphoric acid include precipitating the 
aluminum as phosphate, thus removing 
the chromate ion and limiting the amount 
of phosphate and separating the chromate 
ion from the aluminum with anion ex- 
change resin. The second method is more 
rapid and convenient. Interference cause 
by phosphoric acid is not serious if the 
2% chromic-5% phosphoric acid solutions 
contain at least 170 ppm aluminum. This 
aluminum determination is accurate t0 
+ 3%, (auth) —NSA. 11991 
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2.3.4 

Corrosion Testing at High Tempera- 
tures. N:.D. GREENE, JR. Ohio State Univ. 
Chem. Eng., 63, No. 4, 175-180 (1956) 
April. 

Covers problems involved in testing 
corrosion by liquids at elevated tempera- 
tures and pressures, various methods 
used to evaluate materials under severe 
conditions and application of test results. 
Problems considered include type of 
container (must be resistant to corro- 
sive media and to vapor pressure of gase- 
ous corrosion products), temperature 
measurement and control, test duration 
and safety precautions. Apparatus re- 
viewed includes steel autoclave with 
corrosion-resistant liner, heated with 
electric resistance heater; autoclaves 
heated by liquid baths; and heavy walled 
glass combustion tube, into which metal 
specimen and corrosive medium are 
sealed and which is heated in constant 
temperature oven. Autoclave linings men- 
tioned are platinum, tantalum, gold, Teflon 
and glass. Tables, illustrations —INCO. 

11999 


’ 


2.3.4, 6.3.10 

Determination of Nickel in Oxidized 
Films on Nickel Metal. B. D. BRuMMET 
AND R. M. Hotiwec. Anal. Chem., 28, No. 
5, 887-888 (1956) May. 

A rapid spectrophotometric method 
for the determination of nickel in oxidized 
films on nickel metal has been developed. 
The solvent used, 0.5% potassium sya- 
nide, dissolves the oxidized film but not 
the nickel metal. The method is sensitive 
to microgram quantities of nickel and 
may have general applicability to the 
study of corrosion rates of nickel metal. 


Graphs.—INCO. 11949 


2.3.4, 2.3.3 

Reproduction in the Laboratory of 
Changes (in Aircraft Materials) Caused 
by Atmospheric and Biochemical 
Agents. G. GILLes, J. CHARMET AND C. 
THERIZOL. Corrosion et Anticorrosion, 4, 
No. 8, 281-288 (1956) Sept. 

Action of atmospheric agents: appa- 
ratus (cylindrical tank divided by mov- 
able partition to represent the pressurized 
cabin and outside atmosphere) and tech- 
niques for reproducing different condi- 
tions of climate and atmosphere. Aciion 
of biochemical agents: modes and mech- 
anism of corrosive attack by bacteria 
and vegetable mould. Experiments to 
determine resistance of materials and 
protective products, different types of 
micro-organisms.—BNF, 13234 


2.3.4, 2.4.2, 4.7 

Experimental Procedures Used for the 
Measurement of Corrosion and Metal 
Transport in Fused Sodium Hydroxide. 
G. P. Smit, M. E. Stemitz anp E. E. 
HorrMAN. Oak Ridge National Labora- 
tory. U. S. Atomic Energy Commission 
Pubn., ORNL-2125, October, 1956, 6 pp. 

Techniques for studying corrosion re- 
actions and mass transfer at tempera- 
tures up to 815 C. Apparatus described 
is designed for small-scale testing.— 
BTR. 13346 


2.3.4, 4.6.4, 5.8.2 

The Evaluation of Cooling Tower 
Corrosion Inhibitors. W. L. DENMAN 
AND CHARLES B. FRIEDMAN. Corrosion, 
13, No. 3, 179t-185t (1957) March. 

A small commercial cooling tower, 
equipped with control instruments was 
installed in the laboratory for studying 
corrosion problems. In this tower the 
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pH of the recirculating water was rig- 
idly controlled automatically, and test 
coupons, nipples and NDHA coil type 
units were used simultaneously to de- 
termine corrosion rates. Initial data re- 
vealed reasonably good correlation between 
corrosion rate measurements using all 
three types of corrosion test specimens. 
Inorganic corrosion inhibitors such as 
chromates, polyphosphates and combi- 
nations of the two, when used in the 
experimental tower, provided corrosion 
protection comparable to that found in 
the field with those inhibitors. There- 
fore, it may be assumed that corrosion 
inhibitors which are successful in the 
experimental tower will be equally ef- 
fective in field operations. 

It was apparent that corrosion inhib- 
itors such as polyphosphates must be 
fed in larger dosage than were required 
residually in the cooling water to ade- 
quately protect against corrosion. Under 
operation conditions of the experimental 
tower, three or four times the calculated 
quantity of polyphosphate was required 
in order to maintain the desired residual 
dosage in the tower water. 

Operating data from several inhibitor 
runs are reported and compared with 
observed corrosion rates in untreated 
(blank) runs. 13127 


2.3.5, 3.4.3,6.3:20 

Use of Capacity Measurements for the 
Study of Oxide-Film on Metals. J. N. 
WANKLYN. Nature, 177, No. 4514, 849-850 
(1956) May 5. 

Description of measurements of oxide 
films on zirconium alloys by immersion 
in an electrolyte and measurement of the 
capacity of the condenser formed by the 
film as dielectric. When zirconium alloys 
are exposed to water at 300 C the rate of 
corrosion as measured by the gain of 
weight at first falls with time. At a cer- 
tain stage, called breakaway, the film on 
most alloys becomes less protective and 
rate changes to constant, higher value. 
All specimens except Zircaloy 2 (1.5 tin, 
0.13, iron, 0.05 nickel, 0.12 chromium, bal. 
zirconium), which is very resistant to 
corrosion, suffered breakaway. Speci- 
mens of the alloys were weighed, ex- 
posed to water at 325 C for different 
periods, weighed again and then im- 
mersed in a N/1 sulfuric acid, together 
with a platinized platinum electrode. 
Table shows capacity results, their recip- 
rocals and the gain of weight. Measure- 
ments suggest that after breakaway the 
oxide film on zirconium alloys consists 
of an outer cracked portion into which 
water can penetrate and an inner, crack- 
free portion which controls the rate of 
corrosion. Results obtained with zirco- 
nium alloys suggest capacity measure- 
ment as a useful method of studying the 
protective character, as distinct from the 
thickness, of oxide films formed by cor- 
rosion and oxidation.—INCO. 12149 


2.3.6 

New Optical Methods for Determin- 
ing Thickness of Very Thin Films, In- 
cluding Corrosion Films. (In German.) 
H. Scuoprper. Forsch. Gebiete Ingenieurw., 
Sec. B, 22, No. 2, 56-62 (1956). 

Interferometer arrangements which al- 
low measurement of phase by compari- 
son of intensity. Examples are given of 
thickness measurement of thin metal 
layers and tarnish films. 13394 


2.3.6 
Measurement of the . True Surface 
Area of Metals. S. S. Gutin, L. L. Pro- 
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CHAKOV AND M. G. SERBULENKO. J, Tech. 
nical Physics, USSR (Zhur. Tekh. Fiz.) 
26, 865-869 (1956); Chem. Absts., 50, No’ 
20, 14301 (1956) Oct. 25. i 

The photoelectric and the electric 
double-layer methods were used to de. 
termine the extent of etching of alumi. 
num foil by 33% hydrochloric acid a 
80 C, or by dynamic methods. The elec. 
tric double-layer method was used for 
continuous measurement of the etching 
coefficient of an aluminum foil—AL] 


13452 


2.4 

Fatigue Bending Tests on Steel to 
Determine Its Sensitivity to Embrittle. 
ment. (In German.) E. Ruso. Z, [oy 
Deut. Ing., 98, No. 17, 913-919 (1956) 
June 11. 

Various fatigue bending tests on steel 
for embrittlement sensitivity determina- 
tion are compared and evaluated. 13366 


Zot 

Paint-Testing Anomalies. R. M. ¢ 
Locan. J. Oil Colour Chemists’ Assoc., 39, 
No. 7, 478-480 (1956). 

A series of tests is reported which 
indicated that the resistance to impact, 
Erichsen distortion and cross-cut adhe- 
sion tests of paints applied to cold re- 
duced steel may vary with the steel 
independently of the method of surface 
preparation.—RPI. 13298 


2a 

The Effect of Surface Finish on Fa- 
tigue. B. Crna. Metallurgia, 55, No. 327, 
11-19 (1957) Jan. 

Emery polishing of wide range of alloy 
steel Wohler Fatigue test pieces gives 
artificially high fatigue strength values 
due to cold working of test piece sur- 
face. Truer fatigue strength values are 
obtained by electro-polishing, which re- 
moves cold worked layer, reduces scat- 
ter of fatigue lives, and resolves difference 
in fatigue strength between rotating 
bending and reverse direct stress fatigue 
tests. Stress relieving after mechanical 
polishing gave similar results to electro- 
polishing. Data are presented for 13 
chromium, 20 chromium, 25-20, 18-8, 9/3/8 
manganese/chromium/nickel and 3. nickel 


steels. Graphs.—INCO. 13465 


23.7 

Strain Energy Release Rates for Frac- 
tures Caused by Wedge Action. A. A. 
WELLs. Naval Research Laboratory, 
March, 1956, 12 pp. Available from: 
Office of Technical Services, U. S. Dept 
of Commerce, Washington, D. C. (Or 
der PB 111975). 

Experimentation was made on a pre 
viously devised fracture test in which a 
cleavage crack was made to run in 4 
plate under low value of static tensile 
stress by means of an impact wedging 
action produced within a shallow edge 
notch. Among other results, it was shown 
that strain energy release rates from 
wedge force and static stress may be 
combined to give a minimum when the 
crack has a given length. 12658 


2:3.) 5 S060 

Photographing Cavitation on Model 
Propellers. R. L. Townstn anp W. Ros 
son, J. Photographic Sci., 4, 69-74 (1956) 
May-June. 

Technique and apparatus used to ob 
tain both still and cine records of cavr 
tating model propellers in a cavitation 
tunnel.—BTR. 12624 
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2.3.7 
Measurement of Aluminum Film 


Thickness. C. P. Haney. Rev. Sci. Instru- 
ments, 27, No. 3, 176 (1956) March. 

A nondestructive method of measuring 
the thickness of aluminized layers is de- 
scribed. If a cylindrical search coil is 
placed near a thin metallic film, with the 
i of the coil perpendicular to "the plane, 

t=A(Q0/Q:-1). where t is the film thick- 
pr Qo is the Q of the isolated coil, Qi is 
the QO in presence of the film and Aisa 
constant. The principal error in the meas- 
urement is the unknown thickness of the 
oxide, which depends primarily on vacuum 
conditions during evaporation. It is said 
that aluminum thicknesses in the range of 
500 to 2000 A can easily be measured by 
this technique—ALL., 12001 


23.7, 2.3.2, 5.3.2 

Appraising the Quality of Tinplate. 
W. E. Hoare. Paper before International 
Tinplate Conf., Germany, December, 1955. 
Sheet Metal Inds., 33, No. 348, 239-242, 
246 (1956) April. 

Reviews test methods for evaluating 
thickness of tin coating, amount or thick- 
ness of tin-iron alloy, porosity and cor- 
rosion resistance. Gravimetric and volu- 
metric chemical methods and X-ray fluo- 
rescence method are used to determine 
thickness of total coating (free tin -+ tin- 
iron alloy). Determination of tin-iron 
alloy may be accomplished by calculating 
amount of alloy from total tin and free 
tin, or removing free tin and determining 
alloy by volumetric, gravimetric or coulo- 
metric means; latter is the only practical 
routine method. Porosity is tested by 
ferricyanide-on-gelatin, hot-water, thio- 
cyanate and moist sulfur dioxide meth- 
ods. By exposure to moist sulfur dioxide, 
direct estimation of liability to rusting by 
condensed atmosphere moisture is made; 
same test is used as direct porosity test 
if specimens are first cleaned cathodically. 
Pickle-lag and hydrogen-evolution — tests 
for corrosion are described.—INCO. 

12047 
2.3.7, 5.3.2 

Methods of Assessing the Quality of 
Tinplate. WitttAM E. Hoare. Stahl und 
Eisen, 76, No. 5, 273-277 (1956). 

A review of methods for determining 
the thickness, porosity and corrosion- 
resistance of the tin deposit—MA. 

13242 
2.3.9 

Association of Co® Ions with Metal 
Surfaces. R. T. Forty, B. T. Stark AND 
C. J. Guare. J. Electrochem. Soc., 103, 
No. 10, 534-538 (1956) October. 

The radiochemical technique for the 
study of surface reactions has been in- 
vestigated. This technique readily de- 
marks on the metal surface areas that 
are cathodic to adjacent areas. The 
steel-copper and aluminum-copper cou- 
ples were observed and the strong at- 
traction of radiocobalt to the cathode 
member of the couple was measured. 
The sorption of radiocobalt ions on sur- 
face films is a complicating effect in the 
employment of this technique if not 
considered and understood. The extent 
of this effect varies with the surface film 
under consideration, being considerable 
for oxide and sulfide films on copper 
and small for oxide films on alloy steels 
and anodized films on aluminum. The 
sorption of ions from solution has a 
great significance insofar as corrosion 
mechanism is concerned as it would ap- 
pear that ion concentration cells’ are 
common occurrences when part of a 
metal surface is covered with an oxide 
film and part is bare. (auth)—ALL. 

13203 
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2.4 Instrumentation 


2.4.2 

Measurement of the Acidity of Aque- 
ous Solutions at High Temperatures 
and Pressures. RAATHINDRA N. RoycH- 
OUDHURY AND CHARLES F. Bonitra. J. 
Electrochem. Soc., 103, No. 4, 241-246 
(1956) April. 

The potential of a platinized platinum- 
hydrogen electrode in two dilute hydro- 
chloric acid solutions was measured with 
respect to a silver-silver chloride elec- 
trode from room temperature to 250 C 
at a total pressure from atmospheric to 
600 psig. A fused quartz cell was em- 
ployed inside a steel bomb which con- 
tained the vapor pressure of the electrolyte 
plus the added hydrogen pressure. The 
silver-silver chloride electrode was a 
silver plated and chloridized platinum 
gauze at the bottom of the cell. The 
hydrogen electrode was half immersed 
in the solution at the top. The results 
were reasonably reproducible and per- 
mit estimating the acidity of the solu- 
tion within approximately 0.1 to 0.2 pH 
units. The results agree reasonably well 
with theoretical calculations from the 
Debye-Huckel theory by Lietzke. (auth). — 
NSA. 13369 


2.4.2, 4.6.2 

Apparatus for Visual Study of Corro- 
sion by Hot Water. D. R. GrigEsER AND 
E. M. Stmons. AIChE Journal, 2, No. 2, 
215-218 (1956) June. 

Autoclave for observing corrosion of 
specimens in high temperature water by 
color cine photography. Data for corro- 
sion of uranium at temperatures up to 
315 C and pressures of up to 2000 psi.— 
BNF. 13226 


2.4.3, 5.3.2 

Sprayed Metal Coatings. R. E. Mans- 
FORD. Chemistry and Industry, No. 31, 824- 
825 (1956) August 11. 

Magnetic or electromagnetic meters, 
which have been calibrated on plated 
coatings on smooth surfaces are unsuit- 


able for use with sprayed metal coatings 
on base metals which have been pre- 
pared by grit blasting. The author sug- 
gests three ways in which such meters 
may be checked for use with sprayed 
coatings.—ZDA. 13280 


2.4.3, 7.6.1 

The Life of Pressure Vessels. SYDNEY 
D. Scorer. Machinery Lloyd (Overseas 
Ed.), 28, 76-78 (1956) January 21. 

An indirect method of measuring cor- 
rosion in pressure vessels and predicting 
remaining useful life. Diagrams, graph. 


—MR. 13370 


3. CHARACTERISTIC 
CORROSION PHENOMENA 


3.1 General 


3.1 

An Approach to the Corrosion Prob- 
lem. A. pvES. Brasunas. Corrosion Tech- 
nology, 3, No. 8, 261-265 (1956) Aug. 

Reviews definition of the word “cor- 
rosion” and similar terminology (rust- 
ing, tarnishing, etc.), terms used to de- 
scribe the nature of the corrosive attack, 
basic corrosion principles, anode and 
cathode reactions, methods of reporting 
corrosion rates and possibilities for cor- 
rosion mitigation. Tables and diagrams 
are used to summarize this information. 

INCO. 12752 


3.1; 2.5:8,;6.1 

Corrosion and Corrosion Testing. (In 
German.) Bruno WaeseErR. Werkstoffe u. 
Korrosion, 7, No. 5, 256-261 (1956) May. 

Definition of corrosion is extended to 
materials such as wood, stone, metals 
and plastics. Crystal lattice constants 
and quotients of volume are character- 
izing values for the behavior of metal in 
air. 55 references.—BTR. 12638 


Siok 
Corrosion Phenomena. (In German.) 


Corrosion Data File 


Here, in convenient reference form, 


are timely articles on corrosion pre- 


vention systems by a well-known spe- 


cialist in the field. Send for your free 


copies, giving name, company and 


title. 


Wayne A. Johnson, president, and his associates in 
Corrosion Rectifying Company, Inc., are well-known 
corrosion prevention specialists with offices in Hous- 
ton. Their work is concentrated on designing and 
installing corrosion rectifying systems for pipelines, 
refineries and oil producing companies. 


CORROSION RECTIFYING CO., INC. 


Phone MO 7-6659 
Houston, Texas 
Dealers: Great Bend Kans.; New Orleans (Kenner) La. 


5310 Ashbrook 
P. O. Box 19177 
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Fritz Toot. Chem.-Ztg., 80, No. 20, 698. 
703 (1956) October 20. 
Types and mechanisms of corrosion 
are discussed, including gaseous, stress 
and electrochemical attack. Protection and 
control are considered—BTR. 13496 


lS 


3.2 Forms 
ee 


3:22, 3:5:9;'3:1.5 

The Effect of Graphitization of Stee] 
on Stress-Rupture Properties: Summary 
Report of the Subgroup on Deteriora. 
tion of Steels at High Temperatures to 
the Subcommittee on Unfired Pressure 
Vessels. J. G. Witson. Paper before Am, 
Petroleum Inst., 21st Midyear Mtg., Re. 
fining Div., Montreal, May 14, 1956, 
Welding Res. Council Bull. Series, No, 
32, 36-44 (1957) Jan. 

To study effect of various degrees of 
graphitization on stress-rupture proper- 
ties of plain carbon steels which had 
been in use in refinery equipment, 
stress-rupture specimens of ASTM A 
201, with and without welds, were tested 
at 1000 and 915 F. Most serious condi- 
tions encountered with regard to loss 
of rupture strength are presence of de- 
fects in welds and presence of low-strength 
weld metal. Random forms of graphite in 
unaffected parent metal do not appear 
to be detrimental to either rupture strength 
or rupture ductility. Graphs, tables. — 


INCO. 13209 


3.2.2, 4.3.5 

Effects of Hydrogen on Properties of 
Metals. D. D. PERLMUTTER ANp B, F, 
Donce. Ind. & Eng. Chem., 48, No. 5, 885- 
893 (1956) May. 

To obtain data necessary for indus- 
trial design, more than 50 alloys were 
exposed to hydrogen gas atmospheres 
at 7500-60,000 psi at room temperature 
and 15,000-30,000 psi at temperatures up 
to 500 C. Time of exposure varied be- 
tween 6 hr. and 60 days. Theoretical 
considerations covered diffusion relations, 
surface effects, differences between em- 
brittlement and attack and relation of 
hydrogen content and_ embrittlement. 
Repetitive bend test on strip of metal 
was used for room temperature embrit- 
tlement, while hollow-drilled standard 
tensile specimen was used to indicate 
chemical attack and hydrogen embrit- 
tlement under high-pressure and _ high- 
temperature conditions. Reactions of nickel 
and high nickel alloys, copper, zinc, 
titanium, cobalt, aluminum, molybdenum 
and their alloys, stainless steels and high 
chromium alloys, iron, steel and clad 
steels are considered. Graphs show duc- 
tility upon exposure to hydrogen gas for 
Monel, Type 430, Type 420 and Alfer 
and Nifer clad steels. Tables summarize 
bend-test results, gas collection data and 


tensile test results. 52 references—INCO. 
12553 


A New Look at Temper Brittleness. 
5. K. Buat. Crucible Steel. Iron Age, 179, 
No. 4, 73-77 (1957) Jan. 24. 

Low temperature embrittlement can 
be overcome by a simple, short-cycle 
heat treatment; but high temperature 
embrittlement, for reasons still unknown, 
produces effects that are permanently 
damaging. There is evidence that a grain 
boundary precipitate may be responsible 
and that defining nature of boundary 
phase may be key to solving embrittle- 
ment problem. Chemical composition 1s 
most important single factor in deter- 
mining susceptibility to temper embrit- 


3.2.2, 3.7.3 
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It’s strong, too. Saran lined pipe will withstand working 
pressures up to 300 psi. Saran lined valves and fittings are For tomorrow's protection, investigate saran lined pipe 
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tlement. Additions of molybdenum or 
tungsten reduce embrittlement suscepti- 
bility of chromium and chromium-nickel 
alloy steels. Photomicrographs, tables, 
graphs.—INCO. 13463 


32.2, 3.7.3 

Hydrogen Embrittlement of Steel and 
Its Relation to Weld Metal Cracking. 
H. VAUGHAN AND M. E. bE Morton. Brit. 
Welding J., 4, No. 1, 40-61 (1957) Jan. 

Existing theories of hydrogen em- 
brittlement of steel are discussed and 
initiation of fissures in weld metal is 
related to known effects of hydrogen on 
mechanical properties of steel. Number 
of tensile tests were carried out on 
as-received and _ cathodically charged 
specimens of mild steel and high-purity 
iron. Effects on stress strain curve, on 
strain ageing tendency, on hardness and 
of pre-strain on recovery of ductility 
are discussed. Tests were repeated on 
weld metal and comparison between 
effect of hydrogen introduced cathodi- 
cally into weld metal and effect pro- 
duced by welding electrodes of high 
hydrogen content was made. Mechanical 
properties of weld metal containing no 
diffusible but some residual hydrogen 
were observed. Microscopical examina- 
tion confirmed that a pressure build-up 
of hydrogen may occur at interfaces in 
ferritic matrix, resultant deformation 
giving rise to strains which induce local 
cleavages. Failures in tensile specimens 
were predominantly of cleavage type. 
Critical temperature range 150-120 C 
has been demonstrated in a cooling weld 
and three domains with reference to 
cracking tendency are indicated. Numer- 
ous graphs, tables, photomicrographs, 35 
references.—I NCO. 13467 


3.2.2, 6.2.4 

What Do We Know About Hydrogen 
in Steel? Pt. II. C. R. Srmcoe. Iron Age, 
178, 102-105 (1956) October 11. 

The influence of hydrogen content, 
testing temperature and strength level 
studied in a 3% chromium, 0.44% molyb- 
denum and 0.25% carbon steel. Embrit- 
tlement increased with hydrogen content 
over the range of 1 to 8 ppm. at all 
testing temperatures.—MR. 13384 


3.2.2, 6.2.4 

Hydrogen Embrittlement in an Ultra- 
High-Strength 4340 Steel. E. P. Kier, 
B. B. Muvpr ann G. SacuHs. Paper before 
AIME, N. Y., Feb., 1956. J. Metals 
(Trans. AIME), 9, No. 1, 106-112 (1957) 
Jan. 

Experimental procedure and _ results 
for tension, notch-tension, bend and sus- 
tained-load tests employed in investiga- 
tion of hydrogen-embrittlement of SAE 
4340. Hydrogen was introduced into 
specimens under conditions correspond- 
ing to cleaning and plating conditions. 
Hydrogen-embrittlement in static tests 
depends on strain rates used. Rate of re- 
covery from hydrogen-embrittlement dif- 
fers for cathodically cleaned and plated 
specimens. Failure in  sustained-load 
tests results from surface crack devel- 
opment which, through growth, reduced 
load-bearing cross section. Graphs.— 


INCO. 13189 


3.2.2, 6.2.4, 3.5.8 

A Special N-80 Steel Tubing Devel- 
oped in France to Resist Sulfide Stress 
Corrosion in Sour Gas Wells. L. Cav- 
cHors, J. Diprer AND E. Herzoc. Corro- 
ston, 13, No. 4, 263t-269t (1957) April. 

The presence of hydrogen sulfide in 
the Lacq gas field in France resulted 


150a 


in a number of equipment failures. It 
was found advisable to use a steel tub- 
ing having the N-80 grade steel mechan- 
ical properties but having a better sulfide 
stress corrosion resistance under the 
action of hydrogen sulfide than the con- 
ventional N-80 steel. The steel developed 
for this purpose was designated APS 
10 M4 and was a chromium-aluminum- 
molybdenum alloy which had been heat 
treated in such a manner as to obtain 
a thermodynamically stable structure of 
carbon-free ferrite with highly dispersed 
fine carbides. 

Specimens of the newly developed 
steel were subjected to a number of 
laboratory tests including the Jones test, 
cantilever beam test, U-beam test, ex- 
pansion test and tensile test. Extensive 
data are given from these tests. It was 
found that appropriately heat treated 
APS 10 M4 steel had a very high re- 
sistance to hydrogen sulfide as compared 
with other materials in general and 
with the conventional N-80 steel in par- 
ticular. 

Field tests were made on 23-inch 
tubing made from APS 10 M4 steel. 
After six months of testing it was found 
that the steel was sufficiently resistant 
to hydrogen sulfide to be satisfactory 
for use at the Lacq field. 13437 


3.2.2; '6:2.5 

The Mechanism of Corrosion Crack- 
ing in Austenitic Steels. (In Russian.) 
A. V. RIABCHENKOV AND V. M. NIKIFOR- 
ova. Metallovedenie i Obrabotka Metallov, 
No. 8, 2-11 (1956) August. 

Electrochemical factors are very im- 
portant in initiating and developing 
corrosion cracking. Claims a potential 
difference is the basic cause of failure. 


MR. 13342 


3.2.2, '6.3:15, 1.6;.3:5:6 

Diatomic Gases in Metals and Hydro- 
gen Embrittlement of Titanium: a Re- 
view of the Literature. O. Z. Rytskt. 
Canadian Dept. Mines Tech. Surveys, 
Mines Branch, Research Report No. 
PM 203, April, 1956, 79 pp. 

First part discusses the theories and 
proposed mechanisms by which gases 
enter and remain in many metals. Sec- 
ond half then reviews (in detail) the 
effects of hydrogen in the embrittlement 
of titanium and titanium alloys—high- 
purity titanium, commercially-pure tita- 
nium and a, a+ 8 and B alloys being 
discussed in turn—BNF. 13352 


3.2.3 

Mill Scale. H. Rapare. Peintures, Pig- 
ments, Vernis, 32, No. 6, 503-505 (1956); 
Trav. Peintures, 11, No. 7, 313, 315-317 
(1956). 

The formation, composition and anal- 
ysis of hammer scale, its suitability as a 
paint base and its removal are discussed 
in these two articles —RPI. 13314 


Sze 

Composition of Rust Formed on Iron 
Contacting Air and Water. (In Russian.) 
I. V. Krorov. J. Phys. Chem, USSR 
(Zhur. Fiz. Khim.), 30, No. 8, 1696-1701 
(1956) August. 

Up to 149 C the rust consists of 
y-FeOOH; at higher temperatures it 
probably is transformed into yY-ferric 
oxide which terminates at 290 C; at 676 
C the y-ferric oxide is entirely trans- 
formed into a-ferric oxide—NR. 13254 


3.2.3 
Electrochemical Investigations of the 
Effect of Mill Scaling of Steel on Cor- 
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rosion and on the Etching Process, (In 
German.) FRANZ WEVER AND Hans- 
Jurcen EnGeELL. Arch, Eisenhuttenw., 27 
No. 7, 475-486 (1956) July. ; 

Effect of local elements, mechanism 
of etching, effect of dissolved oxygen 
and pH value—MR. 12648 


3.2.3, 5.4.5 

Mill Scale as a Paint Substrate. K. 
VAN OETEREN-PANHAUSER. Deut. Farben- 
Z., 10, No. 2, 47-49 (1956). 

Mill scale in itself affords a good pro- 
tection to steel but has disadvantages of 
insufficient elasticity, poor adhesion, po- 
rosity and being a source of mechanical 
tensions and electrochemical potentials 
to the base metal. The advantages and 
disadvantages of painting over the scale 
are discussed.—RPI. 13405 


3.3 Biological Effects 


3.3.3, 6.6.11 

The Biological Aspects of Attack on 
Creosoted Wood by Limnoria. Carotyn 
BECKMAN, R. J. MENzIES AND C. M. 
WAKEMAN. Corrosion, 13, No. 3, 162t- 
164t (1957) March. 

A study was made of the animal spec- 
imens found in samples of creosoted and 
non-creosoted Douglas fir pilings. The 
species causing the attack on the wood 
was identified as Limnoria_ tripunctata. 
Data are given to show the relationship 
of treated to untreated samples with re- 
gard to animal size, population density 
and reproduction capabilities. Pollution 
is discussed as a possible factor in the 
growth of Limnoria populations. Data 
are given to show changes of fractiona- 
tion characteristics with time for creo- 
sote injected into pilings. 13144 


3.3.4, 4.6.11 

The Effect of Putrefactive Aerobic 
Bacteria on the Corrosion of Steel in 
Sea Water. I. B. ULAaNovsxkr Anp N. S. 
Nixitina. Mikrobiologiya, 25, No. 1, 66- 
71 (1956). , 

Above bacteria intensify corrosion of 
steel in sea water. Process elucidated. 
Approximately 2,650 words, 4 tables, 4 
figures, 4 references.—ATS. Translation 
available: Associated Technical Services, 
P. O. Box 271, East Orange, New —_ 


3.5 Physical and 
Mechanical Effects 


35 3;257 

Erosion Wear of Metals and Protec- 
tion by Coatings. (In Russian.) A. V. 
SHREIDER. Fizika Metallov i Metallovedenie, 
2, No. 1, 181-188 (1956). 

A sand blasting apparatus is used to 
determine the abrasion resistance ot 
anodized aluminum alloys (chromium 
trioxide, sulfuric acid and oxalic acid 
processes, also hard anodizing), chro- 
mium- and_ nickel-plated steels, and 
various uncoated metals (aluminum-2 
copper-1.5 magnesium-1.3 nickel-1.3 iron, 
steels, complex aluminum bronze, cop- 
per, magnesium-1.2 silicon, brass and 
aluminum-2.5  magnesium-0.25 manga- 


nese).-—BNF. 13388 


$:5:3; 23:7; 53:2, 7.1 
Calorizing of Gas-Turbine Blades of 
Austenitic Steel. V. I. Prosvirrin Ef AL. 
Metallovedenie i Obrabotka Metallov, 2, 
No. 4, 50-56 (1956). 
Setup for testing 
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ATLANTA GAS LIGHT COMPANY 


The 1956 addition to Atlanta Gas Light Company’s 
liquid propane storage expansion program, which 
began two years ago, consisted of twenty 30,000 
gallon tanks. The total stand-by propane-air 
capacity serving Atlanta became 2.7 million cubic 
feet per hour from 78 tanks like those pictured. The 
white stacks mark the location of 20 tanks installed 
during two preceding years. The 1957 expansion 
program will provide for 20 additional tanks at this 
plant and seven in other properties. 

Underground protection of these tanks begins at 
the tank fabricating shop, where a special Royston 


inhibitive, insulating primer is applied. At the instal- 








Royston Laboratories, Inc. 
Box 112-C, Blawnox, 


Pittsburgh 38, Pa. 


INCREASES PROPANE STAND-BY 








lation site the tanks are given a spray coat of Roskote 
Mastic. This is followed by a fog coat of non-con- 
ductive, contrast paint. The latter insures complete 
coverage of the second spray coat of Roskote 
Mastic, which completes the prescribed underground 
protection. 

The Atlanta Gas Light Company has similar in- 
stallations in Waycross, Macon, Valdosta, Rome and 
Athens. 

If you are planning an underground or above 
ground installation of tanks, or piping, write for 
complete information on the Roskote time-proven, 


economical protective coating system. 


BRANCH OFFICES IN ATLANTA, CHICAGO, HOUSTON, 
PHILADELPHIA, SAN DIEGO AND TULSA. WARE- 
HOUSED IN NORTHEAST, SOUTHEAST, NORTH 
CENTRAL AND SOUTH CENTRAL REGIONS. 
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guide blades for erosive wear by fuel ash 
particles such as would be encountered 
in turbines running on solid fuel. Differ- 
ence in erosion resistance between rotor 
blades and guide blades. Erosion resist- 
ance of various austenitic steels before 
aluminizing (and chromizing). Micro- 
graphs of specimens aluminized and alu- 
minized plus chromized and also ho- 
mogenized. Effect of aluminizing alone 
and coupled with chromizing under stated 
sets of conditions, upon erosional wear 
resistance and on mechanical proper- 
ties. Conclusions drawn for practical ap- 
plication. 6 figures, 4 tables. Translation 
available from: Henry Brutcher, P. O. 
Box 157, Altadena, Calif. 13455 


3:5.:3,;43.24,2.3.7 

Comments on the Erosiveness of Tho- 
rium Dioxide Slurries. D. G. THOMas. 
Oak Ridge Nat’l. Lab. U. S. Atomic 
Energy Comm. Pubn., CF-55-4-36, April 
5, 1955 (Declassified July 31, 1956) 6 pp. 
Available from Office of Technical Serv- 
ices, Washington, D. C. 

A mechanism of erosive attack is pro- 
posed and applied to typical toroid and 
loop tests. The results of the analysis 
indicate that for specific components, 
i.e., toroid piins and loop orifice plates, 
only particles greater than 3 to 10 mi- 
crons diameter (less than 15% by weight 
of the solids) are effective in causing 
attack. Tests are suggested to deter- 
mine the validity of the proposed mech- 
anism. (auth).—NSA. 13402 


3.5.3, 6.3.8, 4.3.3 
Erosion of Lead in Uranyl Sulfate and 
Uranyl Carbonate Solutions Containing 
Suspended Catalyst (Progress Report 
on Problem Assignment TX5-12). A. M. 
Rom AND L. G. Bauer. Clinton Labs. U. S. 
Atomic Energy Comm. Pubn., MonT-81, 
March 1, 1946 (Declassified Jan. 26, 
1956), 9 pp. Available from Office of 
Technical Services, Washington, D. C. 
Erosion tests were run with chemical 
lead exposed to uranyl sulfate and uranyl 
carbonate solutions containing a suspen- 
sion of palladium on charcoal. Erosion 
was severe in the carbonate system at 
flow rates above 5 ft/sec. It was not 
severe in the sulfate system at flow rates 
as great as 20 ft/sec. (auth)—NSA. 
13351 


3.5.3, 7.2, 4.6.2, 2.3.7 

Resistance of Materials Used for High- 
Pressure Valves Against Erosion Action 
of Steam. (In Czech.) K. Lost anp F. 
CERNY. Strojirenstvi, 6, No. 10, 689-693 
(1956) Oct. 

Methods of testing the resistance of 
materials to erosion, comparison tests of 
various hard alloys, selection of ade- 
quate materials —MR. 13270 


3.5.8 

Friction in a Close-Contact System. 
W. CraypooLe. Paper before Am. Soc. 
Testing Materials-Am. Soc. Lubrication 
Engrs. First Ann. Lubrication Conf., 
Baltimore, Oct. 18-20, 1954. Mech. Eng., 
78, No. 6, 529-532 (1956) June. 

Discussion of fundamental aspects of 
problem and experimental evidence sup- 
porting new inferences with regard to 
friction, in particular phenomena associ- 
ated with very thin lubricating film 
between rubbing surfaces. Concept of 
clean surface is demonstrated by experi- 
ments with platinum and platinum-rhodium 
and hardened steel rod surfaces. Fric- 
tion system of heat treated steel speci- 


152a 
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mens, ground, lapped and polished to 
the best possible layer are described as 
to topography of surfaces, conditions of 
approach, analysis, surface film and 
forced vibrations. Results are given. 
Graphs, microphotograph, photo, dia- 


gram.—INCO. 12759 


3.6 Electrochemical Effects 


3.6.8, 3.8.2 

Mechanism of Hydrogen Evolution at 
Tellurium Cathodes in Hydrochloric 
Acid. I. A. AMMAR ANnp S. A. Awan. 
J. Electrochem. Soc., 103, No. 3, 182-186 
(1956) March. 

Hydrogen overpotential at tellurium 
cathodes was studied in the concentra- 
tion range 0.005N-5N-aqueous hydro- 
chloric acid at 30C. The results indicated 
absence of specific adsorption. In dilute 
solutions a simple electrochemical mech- 
anism, with 2 Tafel line slopes of 0.04 
and 0.12 V. at 30C, was established as 
the rate-determining mechanism. In con- 
centrated solutions, a rate-determining 
dual electrochemical catalytic mecha- 
nism, with a slope of 0.06 V at 30C, was 
suggested to explain the results in the 
low current density range. This dual 
mechanism changed to a simple one at 
high cathodic polarization. Theoretical 
calculations of the Tafel line slopes for 
various dual mechanisms were also 
carried out. It was found that, for a 
dual slow discharge electrochemical 
mechanism or a dual slow discharge 
catalytic mechanism, the slope was ex- 
actly the same as that for the simple 
slow discharge, i.e. 0.12 V at 30C. The 
effect of neutral salts on hydrogen over- 
potential, 7, at constant pH was studied. 
Addition of lanthanum chloride increased 
the numerical value of 7 at constant pH 
and current density. From the salt ef- 
fect on 7 in 0.05N-hydrochloric acid, the 
¢ potential was calculated and was found 
to have a value of ~0.05V. 15 references. 
—MA. 13123 


3.7 Metallurgical Effects 


3.7.3 

Corrosion of Nickel-Chromium-Iron 
Alloys by Welding Slags. G. R. PEAsE. 
Paper before Am. Welding Soc., Nat'l 
Spring Meeting, Buffalo, May 7-11, 1956. 
Welding J., 35, No. 9, 469s-472s (1956) 
Sept. 

Evidence is presented to show that 
welding slag residues shorten useful life 
of nickel-chromium-iron alloys when 
used at high temperatures. Corrosive at- 
tack occurs above 1200-1300F, by oxida- 
tion in oxidizing atmospheres or by 
sulfidation in reducing atmospheres. 
Cases cited include cast 25 chromium- 
15 nickel-iron retorts used in magnesium 
production, edge welds on Inconel plates, 
Inconel woven-wire heat-treating baskets 
and annealing furnace muffle fabricated 
from 33-inch thick nickel plate. Results 
are given of melting point tests of pul- 
verized slags on Inconel plates and of 
high temperature reaction of weld beads 
produced by three different Inconel 
welding electrode compositions (lime- 
fluorspar flux, lime-cryolite-rutile flux 
and lime-cryolite flux) on small pieces 
of Inconel, Inconel X and Inconel W 
sheet.—INCO. 12915 


3.7.3, 6.2.5 : ' 
Comparative Properties of Electrodes 
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for Arc Welding Austenitic Manganese 
Steels. W. L. Lures ann H. F. Rem Tr 
Paper before Am. Welding Soc., Nap 
Spr. Mtg., Buffalo, May 7-11, 1956, Weld- 
ing J., 35, No. 8, 776-783 (1956) August 

Describes briefly general characteristics 
of four basic types of work-hardening 
austenitic materials used for fabrication 
and build up of austenitic manganese steels 
Physical and mechanical properties of 
weld metal deposited by modified Type 
308 (chromium-nickel), chromium. 
manganese strainless, nickel- manganese 
steel and molybdenum-manganese stee! 
electrodes are compared. Tensile strength, 
impact strength, crack resistance, work 
hardening and plastic deformation are 
considered. Tables, graphs, photomicro- 
graphs.—I NCO. 12870 


3.7.3, 6.4.2 

Inert Gas-Shielded Arc Welding of 
Light Metals. W. MANTEL AND L. Wotrr 
Aluminium, 32, No. 6, 328-332 (1956) 
June. 

Effect of the purity of argon (99.8. 
99.9%) and mixtures of gases argon/ 
hellium/hydrogen/nitrogen on the speed 
of welding, welding current required and 
weld properties; mechanical properties 
and methods of testing welds in 995 
aluminum, aluminum-5 silicon, alumi- 
num-3 magnesium, aluminum-4 mag- 
nesium and aluminum-magnesium-silicon 
alloys; techniques for anodizing welded 
parts for decorative purposes; and ap- 
plications.—BNF. 12948 


3.7.4 

Grain Size: Effects on Properties of 
Metals and Alloys. (In French and 
German.) K. CAamMENtIscH. Pro-Metal, 9, 
No. 52, 698-706 (1956) August. 

Grain size determination, effect on 
mechanical properties (hardness, tensile 
strength, elastic limit, elongation, fatigue 
strength and creep of brasses), effect of 
plastic deformation and heat treatment 
on grain size, cold working, recommen- 
dations concerning choice of grain size, 


—BNF. 13078 


3.8 Miscellaneous Principles 


3.8.2 

Our Present Conception of the Elec- 
trochemical Mechanism of Corrosion. 
Part II. (In German.) W. ScHWAnrz. 
Metall, 10, No. 19/20, 921-925 (1956) 
October. 

Deals with phenomena in corrosion 
due to local cells; and applications, latter 
including action of inhibitors, action on 
materials which reduce metal ion con- 
centration, local cell activity on a homo- 
geneous electrode from partial concen- 
traction differences, passivity. Numerous 
references.—BNF. 12960 


3.8.2 

Mathematical Studies on Galvanic 
Corrosion. Part IV. Influence of Elec- 
trolyte Thickness on the Potential and 
Current Distributions Over Coplanar 
Electrodes Using Polarization Param- 
eters. J. T. WABER AND B. Facan. Paper 
before Electrochem. Soc., Cincinnati, May 
1-5, 1955. J. Electrochem. Soc., 103, No. 1, 
64-72 (1956) Jan. 

Numerical evaluation performed on 4 
Fourier series derived for potential dis- 
tribution in an electrolyte lying above 4 
plane containing infinitely long, narrow 
electrodes arranged in an infinitely alter- 
nating array with even symmetry. Lim- 
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tation that electrolyte has finite depth 
was imposed. Perspective drawings of 
reduced potential function illustrate po- 
tential variation throughout the solution 
and from this practical rule was estab- 
shed for deciding from electrochemical 
behavior the infinite thickness of electro- 
lywte. Current density variation over 
anode was evaluated for combinations of 
relative thickness b/c and of relative po- 
larization parameter a/c. In relatively 
thin films, interfacial potential is forced 
toward values expected with slightly 
polarized electrodes. Common effect of 
hoth parameters is that in general small 
b/c and large @/c values reduced local 
current density. Graphs —INCO. 13121 


3.8.2 
Mathematical Studies on Galvanic 


Corrosion. V. Calculation of the Aver- 
age Value of the Corrosion Current Pa- 
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rameter. J. T. WaABER, JOHN MorrISSEY 
AND JoHN Rutu. J. Electrochem. Soc., 
103, 138-147 (1956) Feb. 

Mathematical analysis for the mean 
current density has been completed for 
one general and two limiting ratios of 
electrode and corrodent dimensions with 
the same coplanar, juxtaposed arrange- 
ment of long, narrow electrodes as used 
previously. The resulting mathematical 
expressions were reduced to numerical 
evaluations and many of these results 
have been graphically summarized in 
perspective illustrations. 

The characteristic raio (A/a@) was used 
to explain the behavior of all similar 
electrode systems and to emphasize that 
relative, not absolute dimensions of the 
system establish its behavior. The theory 
and two experimental studies were in 
good agreement. 13119 
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3.8.2 

Mathematical Studies of Galvanic 
Corrosion. Pt. VI. Limiting Case of Very 
Thin Films. J. T. Waser. J. Electrochem. 
Soc., 103, No. 10, 567-570 (1956) Oct. 

The limiting case of a very thin elec- 
trolyte layer which covers a coplanar 
electrode arrangement has been analyzed 
by making the electrode dimensions 
infinitely larger than the corrodent 
depth. A Fourier integral expression for 
the potential throughout the corrosive 
medium has been derived from the Four- 
ier series treatment of the potential per- 
tinent to finite electrode widths. The 
electrolyte depth becomes the critical 
cell dimension. The variation of the po- 
tential along the inner and outer bound- 
aries of the liquid are presented in two 
graphs with a separate curve for each 
value of the ratio of the liquid depth to 
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the Wagner polarization parameter. The 
distribution of the corrosion current over 
the anode is also presented graphically 
as a function of this ratio. 13117 


3.8.2, 4.7 

Corrosion Studies. Part VII. The Cor- 
rosion Cell Metal-Platinum in Fused 
Alkali Halides. K. Smrcek, J. SEKERKA 
AND V. SEIFERT. Chem. Listy, 50, 721-725 
(1956); Chem. Absts., 50, 9986 (1956) 
July 25. 

Study of corrosion of cells platinum- 
nickel, platinum-copper and _ platinum- 
iron in fused sodium chloride and potas- 
sium chloride. Electrochemical corrosion 
of macrocell is smaller than proper cor- 
rosion of metal by fused salt. Ratio of 
the two types of corrosion is influenced 
by the salt ion. Corrosion mechanism is 
suggested.—I NCO. 13110 


3.8.2, 6.2.2 

Contribution to the Problem of Rust- 
ing of Commercial Iron. (In German.) 
ANTON KONIGER. Giesserei, 43, No. 18, 
498-505 (1956) August 30. 

Reactions in homogeneous and heteroge- 
neous systems; the pH range of corrosion; 
iron, hydrogen and oxygen potentials.— 
BTR. 12878 


3.8.2, 6.3.19, 6.3.2 

Mechanism of the Anodic Solution of 
Cadmium and Zinc. RENE AUDUBERT AND 
Jacgues Guirron. Compt. rend., 242, No. 
3, 368-371 (1956). 

A comparison of curves of the anodic 
over-potential of cadmium and zine with 
theoretical results established that, ac- 
cording to the values of the over-poten- 
tial and the temperature, solution can 
take place either by the direct liberation 
of a cation or by a secondary process. 


—MaA. 13018 


4. CORROSIVE ENVIRONMENTS 


4.2 Atmospheric 


4.2.3, 4.3.3, 5.7.9, 7.6.4 

Chemical Treatment for Fireside De- 
posit Prevention in Coal Fired Boilers. 
H. Tuompson. Paper before Am. Power 
Conf., 18th Ann. Mtg., Chicago, March 
21-23, 1956. Proc. Am. Power Conf., 18, 
135-144 (1956). 

Slag deposits are undesirable products 
from contaminants in coal that are re- 
leased during combustion and become 
stuck on walls of furnace. Improved 
mechanical equipment such as steam or 
air blowers for cleaning was developed 
to combat deposit trouble. Scientific ap- 
plication of chemicals for fireside de- 
posit prevention is a relatively new 
branch of power plant chemistry. Types 
of chemicals tried in slag prevention 
include sand, steel mill slags, dross from 
smelting operations, powdered rock, lime, 
clay and salt. Test of use of scientifi- 
cally designed powdered chemical treat- 
ment fed continuously and intermittently 
showed that both methods were satis- 
factory for slag prevention in radiant 
furnace and superheater, although inter- 
mittent treatment was more economical. 
Beneficial action may be formation of a 
dry, nonadherent, high melting point 
film on fireside surface which is weak, 
fragile and not tightly bonded and pro- 
vides a fracture zone for deposit to 
break away from surface. This fragile 
bond permits maintenance of slag free 


1540 


surfaces by normal cleaning methods or 
by normal gas velocities. Reports of 
laboratory and field tests are given. 
Photos, 110 references.—INCO. 13447 


4.2.3, 7.6.4 

The Prevention of Acid Condensation 
in Oil-Fired Boilers. L. K. RENDLE AND 
R. D. Witspon. J. Inst. Fuel, 29, 372-380 
(1956) Sept. 

Effect of sulfur content of fuel oils 
on the dew-points of flue gases. Economic 
method of removing the sulfur trioxide 
in a harmless form.—BTR. 13344 


4.3 Chemicals, Inorganic 


4.3.2 

Behaviour of Materials in Sulphuric 
Acid. fF. Rapatp. Werkstoffe u. Korro- 
ston, 7, 652-662 (1956) Nov. 

Literature review of behavior in sul- 
furic acid of Chlorimet 2 and 3, Ilium 
G, Monel, Hastelloy A, B, C and D 
Durimet, Worthite, Corrodur, Carpenter 
20, Ni-Resist and silicon iron and effect 
on corrosion behavior of both organic 
and inorganic additions to the sulfuric 
acid, as may be encountered in industry. 


—INCO. 13311 


4.3.2 

Some Fundamental Aspects of Nitric 
Acid Oxidants for Rocket Applications 
(Aluminium and Stainless Steel). Dezso 
J. Lapanyt, Rrtey O. MILter, WoLF Karo 
AND CHARLES FE. Ferer. U. S. National 
Advisory Cttee. for Aeronautics, Re- 
search Memo E52J01, 1953 (Declassified 
1956), 95 pp. 

A review of published information, in- 
cluding corrosion rates of stainless steel 
and 2S aluminum in nitric acid oxidants. 
162 references.—MA. 13256 


4.3.2 

Corrosion by Sulfuric Acid. (In Ger- 
man.) J. Buncer. Werkstoffe u. Korro- 
sion, 7, No. 6, 322-330 (1956) June. 

Covers the corrosion at a variety of 
acid concentrations and temperatures of 
steel, stainless steels, Hastelloys and the 
like, Monel, zirconium, etc. In the main, 
deals with the chromium-nickel-molyb- 
denum-copper steels of various designa- 
tions and nickel-molybdenum alloys for 
which temperature-concentration ranges 
are shown up to the boiling point and 
up to 95% acid.—BNF. 12753 


4.3.2, 5.4.5, 3.5.5 

Permeation of Polychlorotrifluoroethyl- 
ene Films by Nitric Acid. F. H. Garner, 
S. R. M. Ettis ano J. C. Giti. J. Applied 
Chem., 6, Pt. 9, 407-412 (1956) Sept. 

Permeation of Kel F by nitric acid 
occurred at a limited number of sites in 
surface of film. These sites were ran- 
domly distributed and were mainly 
macro- or visible cracks. Counts were 
made of numbers and size distribution 
of cracks. Infra-red spectrometry was 
used to investigate whether chemical 
reactions occurred between nitric acid 
and fluorinated plastic film, but no evi- 
dence of chemical degradation products 
was found. Graphs, photomicrographs, 


tables—INCO. 13216 


4.3.2, 5.4.5, 3.5.5 

Permeability of Polymer Films to 
Hydrogen Sulfide Gas. W. HEILMAN, V. 
RAMMELA, J. A. MEYER, V. STANNETT 
AND M. Szwart. Ind. & Eng. Chem., 48, 
821-824 (1956) April. 13230 


4.3.5 

Behaviour of Materials in Fluorine 
E. Lincnavu. Werkstoffe u. Korrosion 7. 
634-641 (1956) Nov. an 

Commentary-review of literature up 
to end of 1953. Data are given on be.- 
havior of nickel, Monel, Inconel, § 
Monel, Duranickel, Inconel X, cast 
nickel, cast Inconel and high nickel. 
chromium steels in fluorine—INCO. 

13174 
4.3.5, 3.4.9 

The Effect of Water Vapor on the 
Corrosion of Metals by Chlorine. Ku, L. 
TsEItLin. J. Applied Chem., USSR (Zhur. 
Priklad. Khim.), 29, No. 8, 1182-119] 
(1956). 

Experiments were performed with 
aluminum, copper, nickel, lead, titanium, 
stainless steels, cast iron and Armco 
iron. 1 table, 2 figures, 20 references.— 
ATS. Translation available: Associated 
Technical Services, P. O. Box 271, East 
Orange, New Jersey. 12626 


4.3.5, 3.4.9 

Effect of the Concentration of Water 
Vapor on the Corrosion of Metals by 
Chlorine. Ku. L. TsertLIn anv VY, A. 
STRUNKIN. J. Applied Chem., USSR 
(Zhur. Priklad. Khim.), 29, No. 11, 1664- 
1673 (1956). 

Water vapor concentration is found 
to have appreciable effect on the corro- 
sion of aluminum, iron, steel, cast iron, 
stainless steels and tantalum metals, 
corroding less in moist than dry chlo- 
rine, but little effect on lead, nickel and 
copper. Maximum temperatures of sta- 
bility of metals in chlorine containing 
1.5 and 30% moisture are given. 1 table, 
1 figure, 7 references. Translation avail- 
able: Associated Technical Services, 
P. O. Box 271, East Orange, New Jersey. 


4.6 Water and Steam 


4.6.1 

Effect of Material Composition in 
High-Temperature Water Corrosion. 
A. H. Rorsuck. Paper before Am. Soc. 
Testing Materials Symp. on High-Purity 
Water Corrosion, Atlantic City, June 28, 
1955. ASTM Special Technical Publica- 
tion No. 179, 1956, 27-34; disc., 35-36. _ 

Corrosion characteristics of number of 
materials were studied under variety of 
conditions, to select materials for high 
temperature water systems operating 
with maximum water purity and mini- 
mum corrosion product contamination. 
Compositions of highest corrosion are 
cobalt alloys, platinum, austenitic, heat- 
resisting and precipitation hardening 
stainless steels, titanium, zirconium and 
hafnium; those of intermediate resist- 
ance are aluminum and aluminum alloys, 
chromium, 70-30 copper-nickel, cobalt, 
ferritic and martensitic stainless steels, 
and nickel and nickel alloys; those of 
lowest resistance are copper and copper 
alloys, magnesium and magnesium alloys, 
plain carbon steels and silver and silver 
alloys. Tables —INCO. 12908 


4.6.1, 6.2.4, 6.2.3, 2.3.4 

Special Corrosion Study of Carbon 
and Low-Alloy Steels. R. U. BLASER AND 
J. J. Owens. Paper before Am. Soc. 
Testing Materials, 58th Ann. Mtg., Symp. 
on High-Purity Water Corrosion, Atlantic 
City, June 28, 1955. ASTM Special Tech- 
nical Publication No. 179, 1956, 37-53; 
disc., 54-55. 

Tests to determine quantitative corro- 
sion data on carbon and low alloy steels 
in. high purity water to permit their ap- 
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siication in nuclear reactor systems. De- 
«ription of water conditions and apparatus 
jor high velocity and static tests up to 
730 F and 3500 psi, quantitative data and 
metallographic and visual observations 
of specimens are presented. Water con- 
ditions are based on deaerated, deoxygen- 
zed, distilled water. Small quantities of 
gas and/or chemical treatment are added 
for certain work. Five materials tested 
we A 212, A 179, A 83-52T (carbon 
steels), A 335 P1l and A 335 P 22 (chro- 
mium-molybdenum steels). Results for 
4 212 carbon steel at 600 F under static 
conditions and at 30 ft./sec. are plotted. 
Total corrosion and iron which went 
into water and that which remained as 
an oxide film before descaling are shown 
separately. Results show that corrosion 
is highest for clean specimen at start of 
test and that corrosion rate decreases 
rapidly with time of exposure. Speci- 
mens in semi-static water retain more 
sale and have lower corrosion rate and 
loss Of iron to water than specimens at 
high velocity. Advantages of pH control 
are shown. Some reduction of initial 
high heat transfer rates as result of cor- 
rosion and/or deposition is reported.— 
INCO. 13027 


46.1, 8.4.5 

Influence of Water Composition on 
Corrosion in High-Temperature, High- 
Purity Water. D. M. Wroucuton, J. M. 
SEAMON AND P. E. Brown. Paper before 
Am. Soc. Testing Materials Symp. on 
High-Purity Water Corrosion, Atlantic 
City, June 28, 1955. ASTM Special Tech- 
nical Publication No. 179, 1956, 19-26. 

Tests indicate that, except for pH, 
water composition within range of varia- 
bles studied has minor influence on cor- 
rosion rates of carbon steel and stainless 
steel under conditions which may exist 
in primary coolant of water-cooled and 
moderated reactors. Water conditions 
cannot be considered unimportant be- 
cause: range of variables studied was 
limited by induced radio-activity and ra- 
diation stability of possible corrosion in- 
hibitors; special corrosion cases in sys- 
tem may exist in which water composi- 
tion or treatment may be important; and 
effect of water condition on corrosion 
product inay be greater than its effect on 
corrosior. rate—INCO. 13111 








5. PREVENTIVE MEASURES 





5.2 Cathodic Protection 





5.2.1 

Applications of Plastics in Marine Ca. 
thodic Protection Systems. H. S. PREISER 
AND M. Stanper. Paper before Soc. Plas- 
tics Engrs., National Tech. Conf., Cleve- 
land, January 19, 1956. J. Am. Soc. Naval 
Engrs., 68, No. 3, 581-590 (1956) August. 

Discussion of corrosion of ship hulls 
and cathodic protection systems. Plat- 
inum-anode, plastic and graphite holder 
assemblies are described. Results of tests 
at Boston and Portsmouth Naval Ship- 
yards and Harbor Island show that 
plastic materials are satisfactory as di- 
electric shields for cathodic protection 
systems. Illustrations —INCO. 12861 


5.2.1 
Cathodic Protection Interference Prob- 
lems: How to Solve Them. F. W. RINGER. 
Petroleum Engr., 28, No. 10, D53-D54, 
D56, D58-D60, D62-D66 (1956) Sept. 
Explains the use of the network 
method for solving interference problems 





CORROSION ABSTRACTS 





in cathodic protection installations. Der- 
ivation of network method is based upon 
three fundamentals: Resistance to earth 
of buried pipeline or cable remains con- 
stant with time; relationship between 
voltage and currents at any point in 
underground network created by neigh- 
boring pipelines is linear or directly pro- 
portional; and total effect of interference 
current and bond (cathodic protection) 
current is algebraic sum of each. Once 
given criterion for protection adopted, 
current magnitude needed to protect line 
and extent of interference upon foreign 
structures can be determined and data 
can be taken which will permit bond 
resistance requirements to be calculated. 
Sample calculations are presented and 
corrosion control survey data sheets are 
shown.—INCO. 12905 
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5.22 

Corrosion of Aluminum in Proximity 
with Iron. C. E. Birp anp U. R. Evans. 
Corrosion Technology, 3, No. 9, 279-281 
(1956) Sept. 

Experiments were undertaken to as- 
certain whether cathodic protection by 
aluminum would prevent rusting of iron 
or steel and to ascertain the effect of 
additions of iron corrosion products (dis- 
solved ferrous salts or settled rust) on 
the attack upon aluminum. Apparatus for 
testing bi-metallic couples is shown. Iron 
corrosion products are likely to be 
formed—whether or not there is electrical 
contact between the dissimilar metals. 
Commercial aluminum, 7 magnesium- 
aluminum alloy, HS15 (4 copper-0.5 
magnesium-0.5 manganese-aluminum 
alloy) and electrolytic zinc (for com- 
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parison) were tested in N/2 sodium 
chloride solution and in Cambridge sup- 
ply water with additions of 10 ppm fer- 
rous chloride, 100 ppm ferrous chloride 
and rust. Results are tabulated. Addi- 
tions changed the attack from a general 
to a highly localized one—INCO. 13035 


5.2.2 


, Amalgamated Aluminum as a Boost- 
ing Anode. Y. Hisamartsu. Corrosion En- 
gineering, 5, No. 5, 250-254 (1956) Oct. 
The object of research was the utiliza- 
tion of the amalgamated aluminum as a 
boosting anode for electro-coating. 
99.99% aluminum rod as drawn, spalled 
or cracked during a service test owing to 
intercrystalline attack by mercury; this 
accident was not reproduced in the lab- 
oratory. Annealed 99.99% seemed to be 
satisfactory. 99.8% aluminum had a 
tendency to become passive after a few 
days, especially in vertical position with 
stripping of mercury. Ampere-hour out- 
put per gram ranged from more than 2 
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T-4B Cell Corrosion on Lead Cable 

Sheaths. Third Interim Report of 
Technical Unit Committee T-4B on Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-1 on Corrosion of Lead and Other 
Metallic Sheaths. Publication No. 56-9. Per 
Copy $.50. 


T-4B-2 Cathodic Protection of Cable 

Sheaths. Fourth Interim Report of 
Technical Unit Committee T-4B on Corrosion 
of Cable Sheaths. Compiled by Task Group 
T-4B-2 on Cathodic Protection. Publication 
56-13. Per Copy $1.00. 


T-4B-3 Tests and Surveys for Lead Sheathed 

Cables in the Utilities Industry. Sec- 
ond Interim Report of Technical Unit Com- 
mittee T-4B on Corrosion of Cable Sheaths. 
Publication 54-6. Per Copy $.50. 


T-4B-4 Pipe-Type Cable Corrosion Protec. 
tion Practices in the Utilities In- 
dustry. First Interim Report of Technical 
Unit Committee T-4B on Corrosion of Cable 
Sheaths. Publication 54-3. Per Copy $.50. 


T-4B-6 Stray Current Electrolysis. Fifth 

Interim Report of Technical Unit 
Committee T-4B on Corrosion of Cable 
Sheaths, prepared by Task Group T-4B-6 on 
Stray Current Electrolysis. Publication No. 


57-1. Per Copy $1.00. 
T-4F-1 Progress Report of Task Group 
T-4F-1 on Water Meter Corrosion. 
Per Copy $.50. 
TP-12 Report on Electrical Grounding Prac- 
tices. Per Copy $.50. 
TP-19 Corrosive Effects of Deicing Salts— 
A Progress Report by Technical 
Practices Committee 19. Corrosion, January, 
1954, issue. NACE members $.50; Non-mem- 
bers $1 per copy. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which fs less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 
1061 M & M Bldg. 


Houston 2, Texas 
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(99.99%) to at least 1.5 (99.8%). This 

anode will be able to compete with pure 

magnesium boosting anode.—JSPS. 
13063 


5.2.2, 3.6.5 


The Potentials of Zinc and Steel in 
Tap Water. R. M. Guest. Can. J. Tech- 
nol., 34, No. 5, 245-247 (1956) Sept. 

In order to define conditions under 
which zinc becomes cathodic to steel and 
no longer gives it galvanic protection, 
potentials of zinc rods toward a com- 
mercially available steel (0.73 manganese) 
were measured at 60, 70, 80, 90C and at 
boiling point over period of several 
months in Toronto tap water. Given 
time, potential reversals occurred at all 
these temperatures except at boiling 
point. Reversal occurred more quickly 
at 70C than at 60, 80 or 90 C. Source of 
water supply is Lake Ontario. Tables.— 
INCO. 13108 


5.2.2, 4.5.1 


On the Cathodic Protection in Soils 
by the Galvanic Method. T. Markovic. 
Werkstoffe u. Korrosion, 7, No. 10, 566- 
570 (1956) Oct. 

Study of electrode processes of iron 
and zinc electrodes, connected in short 
circuit and embedded in soil containing 
a known amount of water. Magnesium 
anodes were also studied. Rate of solu- 
tion of iron in unsaturated soils increases 
with degree of saturation. If saturation 
limit is exceeded, rate of iron solution 
decreases. Periodical changes of water 
saturation of soil have noticeable effect 
on corrosion of iron to be protected. Rate 
of corrosion is proportional to the sum 
of durations of the periods if the soil is 
unsaturated with water. Graphs.—I NCO. 

12835 


5.2.2, 7.5.5 


A Trial on Cathodic Protection of 
Sea-Water Tank, Rept. I. On Electro- 
Coating with the Combination of Amal- 
gamated Aluminum and High-Purity 
Zinc Galvanic Anodes. H. SHIGENO, Y. 
Hisamatsu, I. Korzumr anp T. Sopa. 
Corrosion Engineering, 5, No. 5, 159-163 
(1956) Oct. 

Inner surfaces of a steel tank contain- 
ing sea-water were electrolytically coated 
with calcareous deposits by application 
of about 40 ampere-hr. per square meter 
of protected area using high-purity 
aluminum anodes superficially amalga- 
mated. Secondarily, electro-coated areas 
were protected by current from high- 
purity zinc anodes for a few months. 
Meanwhile, detailed measurements were 
carried out to obtain data relating po- 
tentials of the tank, currents generated 
from zinc anodes and potential distribu- 
tion along the tank walls.—JSPS. 12969 


5.2.2, 8.9.5 


Cathodic Protection of Ship Hulls. 
Rept. I. Results Obtained with Zinc 
Anodes. M. Seo. Corrosion Engineering, 
5, No. 5, 254-258 (1956) Oct. 

Experiments of cathodic protection 
with zinc anodes have been carried out 
using Daini-Tetsuei-maru and three other 
ships for one year. Prevention of cor- 
rosion of ship hulls is so satisfactory 
that rusting is not observed at all, except 
that the potential is rather too cathodic. 
Zinc anodes are easy to use.—JSPS. 

12958 
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Cathodic Protection at Lake Charles. 
G. H. Hutt. Cities Service Refining Corp. 
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Oil Gas J., 54, No. 76, 138-140, 145 (1956) 
October 15. 

Lake Charles refinery has about 175 
storage tanks with bare metal on a sand 
base. Cathodic protection is applied to 
both tanks and lead sheaths of power 
cables by means of rectifiers and graphite 
anodes. Design, installation and testing 
of systems are discussed. Photo, diagram, 


—INCO. 12800 


ee) 
5.3 Metallic Coatings 
alneninnabinincatenialiieibisiednnnimioaipediai: 


cise 

Permeation of Gases Through Nickel] 
Deposits. Part I. Determination of the 
Intrinsic Permeability of Nickel Depos- 
its to Gases. D. T. Ewrne, J. M. Tosty 
AND D., G. Fou.ke. Paper before Electro 
chem. Soc., Boston, October 3-6, 1955, 
J. Electrochem. Soc., 103, No. 10, 545-548 
(1956) Oct. 

Values were obtained for permeability 
constants of nickel electrodeposits to 
hydrogen and helium with a good degree 
of reproducibility, values for 0.0001-inch 
deposits being of the order of 9 and 
6 x 10° respectively. Electrodeposited 
nickel has a porosity, in contrast to rolled 
nickel for which no permeability could 
be measured. Data show that pores 
present in sound nickel electrodeposits 
are extremely small and that flow occurs 
by molecular streaming, probably at 
grain boundaries. Graphs, tables. —INCO, 

13022 


5.3.2, 2.3.6 

Electron Microscopic Investigation of 
the Structure of Thin Metallic Electro- 
deposits, (In German.) L. RErMeEr. Z. 
Metallkunde, 47, No. 9, 631-636 (1956) 
Sept. 

Electrodeposited metals stripped from 
the basis metal gave better replicas than 
the usual plastic ones for electron micro- 
scopic investigation. Comparison of 
bright and dark field photographs pro- 
vided information on the grain size. Some 
conclusions regarding orientating in- 
fluence of basis metals on thin deposits 
are deduced. Deposits investigated were 
nickel on copper and zinc, acid and 
cyanide copper on zinc, iron and chro- 


mium on copper.—BNF. 12903 
5:3.2,'5:6.1,:2.3.7 
Tinplate Handbook. W. E. Hoare. 


Third (Revised) Edition, October, 1956, 
44 pp. Tin Research Institute, Inc., 492 
West Sixth Ave., Columbus 1, Ohio. 
Gr«tis. 

Describes tinplate and how it is made, 
gives figures on tinplate production and 
outlines two methods of tinning. 

Units in use for measuring or quoting 
tin coating thickness are tabulated and 
described in Section IV. Section VI re- 
lates to packaging and Section VIII to 
testing. A glossary of tinplate terms re- 
lates English, French, German and 
Spanish equivalents. 12782 


5.3.4 

Hot Dip Wire Aluminizing Processes 
and Alloys. J. D. SprowL. Paper before 
Wire Assoc., Ann. Conv., Pittsburgh, Oct. 
29, 1956. Wire and Wire Products, 31, No. 
10, 1190-1163, 1273-1277 (1956) Oct. 

Aluminizing steel wire increases cor- 
rosion resistance, eliminates dissimilar 
metal contact between aluminum and 
steel and maintains good surface appear- 
ance throughout extended service. Re- 
quirements for successful aluminizing are 
given. Aluminizing processes and alloys 
and effects of addition elements are dis- 





























































































































_ eR renee nr rr 
















— 


——— Se 





Vol. 13 


5 (1956) 


out 175 
n a sand 
plied to 
I power 
graphite 
| testing 
lagram. 


12800 


es 





| Nickel 
| of the 
Depos- 
. Torn 
Electro 
6, 1955, 
545-548 


eability 
sits to 
degree 
01-inch 
9 and 
‘posited 
0 rolled 
y could 
r pores 
leposits 
occurs 
ably at 
INCO, 
13022 


tion of 
lectro- 
fER. Z, 
(1956) 


d from 
is than 
micro- 
son of 
S pro- 
. Some 
ng in- 
2posits 
1 were 
id and 
chro- 
12903 


-TOARE. 
, 1956, 
c., 492 
Oh i0. 


made, 
n and 


1oting 
d and 
JT re- 
(II to 
ns re- 

and 
12782 


sesses 
yefore 
, Oct. 
|, No. 
t. 
- cor- 
milar 
and 
pear- 
Re- 
g are 
loys 
> dis- 





eee 


August, 1957 


cussed. Aluminizing and galvanizing are 
compared.—I NCO. 12973 


a aa eae 
5.4 Non-Metallic 
Coatings and Paints 


—_—_——————— 
5.4.2, 3.5.6 : : 
Effect of Ceramic Coatings on the 


Creep Rate of Metallic Single Crystal 
and Polycrystalline Specimens. J. R. 
CurHit. AND W. N. Harrison, National 
Bureau of Standards. U. S. Wright Air 
Development Center, April, 1956, 53 pp. 
Available from: Office of Technical Serv- 
ices, U. S. Dept. of Commerce, Wash- 
ington 25, D. C. (Order 121493). 
Significant improvement in the creep 
characteristics of 80 nickel-20 chromium 
alloys at 1975 F is reported for the 
National Bureau of Standards No. N-143 
ceramic coating, a barium-silicate coating 
containing cerium oxide. The coating also 
effected almost complete inhibition of 
profuse formation of voids in uncoated 
specimens of the alloys. Diffusion rate at 
1400F of hydrogen through high-purity 
nickel coated with NBS A-418 ceramic 
coating, which contains chromic oxide as 
a disperse phase, was found to be less 
than five percent of the diffusion rate 
through uncoated nickel, although the 
coating was only about 1/40 as thick as 
the specimen. Creep rate at 1500F and 
1000 psi of %-inch diameter single- 
crystal specimens of high-purity nickel 
was unaffected by a change in atmosphere 
from reducing to oxidizing. 13059 


5.4.5 

Temporary Protective Coatings. Part 
II. Polyvinyl and Latex Solutions. Part 
III. Hot Dip Compositions. E. Stronc. 
Product Fimshing, 9, Nos. 3, 4, 61-69, 
71-79 (1956) March, April. 

II. The available temporary coatings 
for protecting raw material and fabricated 
parts in manufacture and assembly are 
discussed in detail with particular ref- 
erence to polyvinyl resin solutions and 
rubber latex. 

Il. The available hot dip wax and 
plastic compositions for protecting raw 
materials and fabricated parts during 
manufacture and assembly are discussed 
in detail. They may be used to safeguard 
die casting dies. 12961 


5.4.5 

Science for the Coatings Technologist. 
Pt. V. Red Pigments. E. S. Beck. Org. 
Finishing, 17, 9-17 (1956) Sept. 

Properties and uses of lead, mercury, 
cadmium and antimony compounds; iron 
oxide pigments; and organic red pig- 
ments.—BTR. 13008 


5.4.5 

Rust Protection. (In German.) H. 
Heppertinc. Werkstoffe u. Korrosion, 7, 
No. 1, 11-13 (1956). 

Some comments are given on certain 
aspects of protective painting. These in- 
clude importance of removal of mill scale. 
effect of shop priming, inert fillers in red 
lead primers, underwater paints, reactive 
lacquer primers and comparative ef- 
ficiency of spraying and brushing —RPI. 


278 
5.4.5 oe 


Are Lead Colors Becoming Super- 
uous in Rust Prevention? (In German.) 
Hans Hepper.ine. Werkstoffe u. Korro- 
ston, 7, No. 8/9, 433-435 (1956) Sept. 

Recent investigations of the electro- 
chemical properties of red lead are prov- 
ing its protective value effective, espe- 
cially for the German Federal Railways. 
—MR. 12818 
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BUY the protection you need 
... hot what you are SOLD! 





Federated’s interest in corrosion control is not limited to 
any single product. Our products cover the entire range of pro- 
tective non-ferrous metals. 

So when you need effective corrosion control, our recom- 
mendations are unbiased. Our metallurgists work with, and our 
plants produce, all of the following supplies: 

GALVANIC ANODES Magnesium and Zinc are designed and made 
by Federated to protect pipelines and other buried struc- 
tures ...to control corrosion of pilings, piers, ships’ hulls 
and ballast tanks exposed to salt water. 


LEAD SHEET, PIPE AND FITTINGS designed and fabricated by 
Federated for residential, general industrial and chemical 
handling applications. 


ZINC AND ZINC ALLOYS for galvanizing, die casting and other 
purposes... . and zinc dust for paints. 


COPPER AND ALUMINUM ALLOYS for pipe, fittings, valves, roof- 
ing, screening, pole line and marine hardware. 


PLATING MATERIALS include copper, lead, cadmium, zinc and silver 
anodes; nickel salts and addition agents for plating baths. 


Call Federated for practical corrosion advisory service. Let 
us provide you with the most efficient and economical solution to 
your specific corrosion problem. 





Sedeidd Wille 


Division of 


AMERICAN SMELTING AND REFINING COMPANY 


120 Broadway + New York 5. N.Y. 
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5.4.5 

Preparation and Properties of Poly- 
urethane Coatings. C. B. ReILLy anp M. 
OrcHIN. Ind. and Eng. Chem., 48, No. 1, 
59-63 (1956). 

The leading edges of high-speed air- 
craft are rapidly eroded by flight through 
rain. An organic coating to protect alumi- 
num against such rain erosion should, 
among other things, adhere strongly to 
the metal and be elastic and abrasion- 
resistant. A polyurethane coating pre- 
pared from 2,4-tolylenediisocyanate and 
polyethylene adipate and cross-linked by 
reaction with enhanolamine gave out- 
standing performance in mock-up tests. 
The polymer had an extremely high 
tensile strength. The probable effect on 
chemical structure of varying the molar 
proportions of ingredients is discussed.— 
RPI. 12895 


DURABILITY— 
CHARACTERISTIC OF 
INTERNATIONAL 
MARINE PAINTS 
MAKES THEM 

MOST ECONOMICAL 
FINISHES 
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5.4.5 

Variables Affecting Coating Perform- 
ance. JoHN I. RicHarpson. Org. Finish- 
ing, 17, 20-21 (1956) Sept. 

Causes of variation in protective value 
among individual coatings of the same 
type. (To be continued.)—BTR. 12922 


5.4.8, 4.3.2, 4.4.6, 1.6 

The Development of a Protective Coat- 
ing Resistant to Nitric Acid and Hydro- 
carbons. D. F. Sippatit, H. L. Cann, E. 
Hittrer AND M. GuntTHER. The United 
States Stoneware Co. U. S. Wright Air 
Development Center, Tech. Rept. 54-527, 
Feb., 1956, 102 pp. Available from: Of- 
fice of Technical Services, Washing- 
fon, DC, 

Numerous film-forming raw materials 
from solvent systems and nonvolatile 
filleting compounds were screened for 


INTERNATIONAL 
PAINTS 


Gulf Stocks at: 


SAN ANTONIO MACHINE & 
SUPPLY CO. 


Harlingen, Texas 
Phone: GArfield 3-5330 


SAN ANTONIO MACHINE & 
SUPPLY CO. 
Corpus Christi, Texas-Phone: 2-6591 
TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 


Houston, Texas 
Phone: WAlnut 6-1771 


TEXAS MARINE & INDUSTRIAL 
SUPPLY CO. 
Galveston, Texas ----- Phone: 5-8311 


MARINE & PETROLEUM SUPPLY CO. 
Orange, Texas 
Phone: 8-4323—8-4324 


RIO FUEL & SUPPLY CO., INC. 
Morgan City, Louisiana 
Phone: 5033—3811 


ROSS-WADICK SUPPLY COMPANY 
Harvey, Louisiana 
Phone: FIllmore 1-3433 


MOBILE SHIP CHANDLERY CO. 
Mobile, Alabama 
Phone: HEmlock 2-8583 


BERT LOWE SUPPLY CO. 
Tampa, Florida ----- Phone: 2-4278 


Send for a complimentary 
copy of our recently re- 
vised booklet “The Paint- 
ing of Ships.” It is an 
outline of the latest ap- 
proved practices in all 
marine maintenance. 


International Paint Company, Inc. 


Offices: 


New York 6, N. Y., 21 West St., Phone: WHitehall 3-1188 
New Orleans 15, La., 628 Pleasant St., Phone: TWinbrook 1-4435 
So. San Francisco, Cal., So. Linden Ave., Phone: PLaza 6-1440 


CORROSION ENGINEERS 


Vol. 13 


their resistance to white fuming nitric 
acid. Results show fluorocarbon resin 
X-200 is the only available resin meeting 
this contract requirement for coating and 
filleting compounds, Air dry, force dry 
or low temperature bake coatings have 
been tentatively formulated to provide the 
required protection. Studies of physical 
and chemical properties in conjunction 
with the compounding of this resin in. 
dicate the need for additional work to 
provide a more practical drying cyele 
and work is being continued concerning 
this phase. Filleting compounds have been 
developed and tested to meet basic re 
quirements. Further studies are being 
made with regard to equipment and 
manufacturing methods. Work on all 
phases, including the refinement of coat- 
ings, production procedures on filleting 
compounds and final cycling tests are to 
be carried out. (auth)—NSA. 12995 


5.4.8, 4.3.2, 4.4.6, 1.6 

The Development of a Protective Coat- 
ing Resistant to Nitric Acid and Hydro- 
carbons. D. F. Srmppatrt, E. HIier, R, 
GARLING AND M. GUNTHER. The United 
States Stoneware Company. U. S. Wright 
Air Development Center, June, 1956, 116 
pp. Available from: U. S. Dept. of Com- 
merce, Office of Technical Services, 
Washington, D. C. (Order PB 121217S), 

X-200 resin has fulfilled Air Force re- 
quirements for a fluorinated material 
resistant to white fuming nitric acid en- 
countered in nitric acid tanks and assist- 
take-off compartments of jet aircraft. Also 
known as Kel-F 800, the new polymeric 
fluorinated hydrocarbon derivative 
proved effective both as a lacquer coat- 
ing and a filleting putty. The research 
program, which began in 1952, is re- 
viewed in the illustrated report. The 
volume supplements a report of the same 
title previously released by the Office of 
Technical Services. It is PB 121217 and 
contains 103 pages. 12997 


§.4:5;'5.3:2; 17:1 

Technical Report of the Activities of 
Committee IV of Association Belge 
Pour L’Etude, L’Essai et l’Emploi des 
Materiaux. (In French.) Technical Rept. 
No. 2, March, 1956, 44 pp. 

Report on the work for the year 1955 
Chapters are included on studies related 
to paint for atmospheric service, marine 
exposures and organization of studies de- 
voted to metallic coatings and paints de- 
signed to protect against cold water; 
effects of aggressive atmospheres on cor- 
rosion and the resistance to corrosion of 
several kinds of iron. 

Numerous data are tabulated on obser- 
vations of exposed specimens. The ap- 
pendix includes formulae for antt- 
corrosive and anti-fouling paints and 
tabulated data on the characteristics ot 
paint systems. 13052 


5.4.10, 5.2.1 

Cathodic Protection Added to Pipe- 
line Under Test. M. E. Parker. Gas Age, 
118, No. 4, 38, 54, 56 (1956) August 23. 

Since last performance report on poly- 
ethylene tape coating on Seadrift Pipe 
Line system, the system has been placed 
under cathodic protection. Cathodic pro- 
tection system consists of series of recti- 
fiers with their associated ground beds. 
Section covered with Polyken requires 
7.33 milliamperes per mile compared to 
22.50 milliamperes per mile for coaltar 
section, indicating a superiority for the 
tape of 3 to 1—INCO. 12842 
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Photomicrograph U-85-3 shows atypical + : 


area of the microstructure observedin — 
the subject 5-inch wrought iron pipe. Mat - 


| Metallurgical Report 2187—Underground Oil Line’ 


This report deals with the metallurgical examination 
of a length of 5-inch wrought iron pipe, approxi- 
mately two feet (2’) long, submitted to our labora- 
tory for investigation and comment. 

General condition of the as-received sample is 
shown in large photograph above. Outer surface dis- 
played some few shallow corroded areas but was 
| otherwise in good condition. Inner surface of the pipe 
| sample was also in excellent condition. 


| ROCKWELL HARDNESS 

' A cross-sectional ring was prepared for hardness de- 
terminations. Hardness values, taken around the 
cross-sectional ring indicated a B67 hardness typical 
for wrought iron pipe and in lieu of tensile properties 
showed that the strength and ductility were likewise 

' normal. 


CHEMICAL ANALYSIS 
Carbon—.025%; Manganese—.066%; Phosphorus— 


Es 


jother Wrought Iron case against corrosion 







































































YEARS OF SERVICE 


et 2X 


230%; Sulphur—.020%; Silicon—.120%; Iron Sili- 
cate—2.82%. 


SUMMARY 

Results of the laboratory examination serve as 
positive identification of the subject sample as 
wrought iron. The excellent condition of this sample 
after more than fifty years of service is noteworthy. 
This report offers documentary evidence of wrought 
iron’s corrosion control in undergound service. A. M. 
Byers Company, Clark Building, Pittsburgh 22, Pa. 
*Name of actual installation given on request. 

Write for free cloth-bound book, “Wrought Iron: 
Its Manufacture, Characteristics and Applications.” 


BYE FS 


WROUGHT 1RON 


159a 





144 


5.5 Oil and Grease Coatings 





55.1 

Surface-Chemical Studies on Rust- 
Preventive Oils. M. Oxapa, S. AOKI AND 
B. Yamacucui. J. Metal Finishing Soc. 
Japan, 7, No. 5, 179-183 (1956) Sept. 

The mechanism of rust-preventing 
action of oils is discussed and it is shown 
that Barnum’s theory of water-displacing 
action of oil does not seem to interpret 
Pilz’s experimental conclusion concern- 
ing the relation between contact angle 
and rust-preventive ability of oils. Theory 
is proposed by which not only Pilz’s con- 
clusion can be interpreted but also ex- 
perimental results of rust-preventive 
ability of oils can be explained.—JSPS. 


12872 





5.8 Inhibitors and Passivators 





5.8.2, 3.4.8 

New Inhibitor Safeguards Vapor 
Spaces Against Hydrogen Sulfide Cor- 
rosion. L. W. Jones AND J. P. BarreTT. 
Stanolind Oil & Gas Co. Oiul Gas J., 54, 
132-134, 136-137 (1956) Sept. 24. 

Development of volatile inhibitors, test 
results and field application. Volatile in- 
hibitors give economical and convenient 
means of controlling hydrogen sulfide 
corrosion in vapor spaces of oil well cas- 
ings, and storage tanks. Advantages of 
most widely used inhibitor called diethyl- 
amine are good corrosion inhibition in 
concentrations as low as 50 ppm, com- 
plete miscibility with oil or water, ready 
vaporization and easy handling. Illustra- 


tions.—INCO. 12780 


5.8.2, 4.4.6 

Is Your Inhibitor Doing Its Job? 
R. H. Meyer anv D. B. SHELDAHL. Sin- 
clair Pipe Line Co. Oil Gas J., 54, No. 72, 
224-228, 231-232 (1956) September 16. 

Discussion of oil- and water-soluble 
inhibitors used in products pipelines. Cor- 
rosion tests made to determine effects of 
banded vs. nonbanded steel are discussed. 
Effects of surface roughness and different 
abrasives on SAE 1020 steel are given. 
In-line corrosion-test-coupon method 
proved most satisfactory in evaluating 
effectiveness of oil-soluble inhibitor. Use 
of modified turbine type of rust test in 
laboratory insures that products delivered 
to pipelines contain enough corrosion 
inhibitor to maintain a high level of in- 
ternal corrosion control—INCO. 13125 


5.8.3 

The Mechanism of the Inhibition of 
Corrosion by the Pertechnetate Ion. 
Part IV. Comparison with Other XO4"- 
Inhibitors. R. F. Sympson anp G. H. 
CARTLEDGE. Oak Ridge Nat’l. Lab. J. Phys. 
Chem., 60, No. 8, 1037-1043 (1956) August. 

Effect of addition of electrolytes on 
potential of iron electrodes immersed in 
solutions of four inhibitors (CrO.=, 
TcO,—, MoO, =, WO.s.=) was deter- 
mined at 57.5 degrees. All four inhibitors 
maintained iron electrodes at potential 
more noble than the Flade potential in 
presence of dissolved air, but only the 
pertechnetate ion did so in deaerated 
solutions. In deaerated solutions of 
MoO,= and WO, =, iron electrode po- 
tentials were essentially the same as in 
sodium sulfate. Potentials in deaerated 
CrO,= solution were 200 mv or more 
less noble than in TcO,;—, but still con- 
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siderably more positive than potentials 
in solutions of MoO,=, or WO, =. Ad- 
dition of chloride or thiocyanate ions 
initially produced an ennobling of the 
potentials, up to concentration at which 
final debasing set in. Bearing of results 
on theory of inhibition and electrode 
potentials is discussed. Tables.—INCO. 

12959 
5.8.4 

Studies on Amine-Type Corrosion In- 
hibitors. Rept. IX. “Cis”—or “Trans’— 
Inhibitors in Polar or Non-Polar Media. 
S. Fuyu, H. IsHipa ann T. Miyazawa. 
Corrosion Engineering, 5, No. 6, 307-311 
(1956) Dec. 

“Cis”-inhibitors (consisting of sec.- 
oleylamine and oleic acid) and “trans”- 
inhibitors (consisting of sec.-elaidylamine 
and elaidic acid) were examined. 

The former are more effective against 
the corrosion of dipped mild steel than 
“trans”-inhibitors, when they are dis- 
persed in corrosive media. But “trans’- 
inhibitors are more effective as additives 
to rust-preventive oils than “cis’- 
inhibitors, because of preferential wetting 
of the metal surface by the oils contain- 
ing “trans”-inhibitors.—J SPS. 12799 





5.9 Surface Treatment 





5.9.3 

Metallic Blast-Cleaning Shot and Its 
Testing. (In German.) EricH BICKEL. 
Stahl und Eisen, 76, No. 17, 1116-1128 
(1956) August 23. 

Types and qualities of shot, testing 
methods and testing machines, methods 
of interpreting the results of wear tests, 
economic considerations.—MR. 13006 


5.9.3, 6.3.6 

The Nature of Mechanically Polished 
Metal Surfaces: The Surface Deforma- 
tion Produced by the Abrasion and Pol- 
ishing of 70:30 Brass. L. E. SAMUELS. 
J. Inst. Metals, 85, Pt. 2, 51-62 (1956) Oct. 

Structure and depth of deformed layer 
produced on surfaces of polycrystalline 
70:30 brass by metallographic abrasion 
and polishing operations were investi- 
gated by a metallographic taper-section- 
ing technique. Similarity in structure of 
deformed layers on abraded and polished 
operations occurs essentially by a cutting 
mechanism. This is in contradiction to 
theory of Beilby that polishing takes place 
by a process of surface flow. Phenomenon 
of apparent reappearance of scratches 
during etching of polished surfaces can 
be explained more simply and completely 
by new theory. Graphs, tables, 80 ref- 
erences.—I NCO. 12951 


5.9.3, 6.3.15 

Inorganic Grinding Fluids for Tita- 
nium Alloys. M. C. SHaw anp C. T. 
Yane. Trans. Am. Soc. Mech. Engrs., 78, 
861-868 (1956) May. 

Dilute aqueous solutions of certain 
inorganic salts are very effective in de- 
creasing the rate of grinding-wheel wear 
and providing decreased surface rough- 
ness in the finishing of titanium-alloy 
surfaces. A systematic study of a large 
number of salt solutions has revealed that 
such solutions act by the formation of 
adsorbed cationic and anionic layers on 
the aluminum-oxide and titanium sur- 
faces, respectively. These layers prevent 
the abrasive and chip surfaces from com- 
ing close enough together to form strong 
bonds, which when broken, remove pieces 
of abrasive from the system. In the 
choice of a suitable material, ton size and 
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effective charge are found 
items of major importance. | 
found to be the most effe 
in the periodic table for adsorption on 
aluminum oxide, while the phosphate 
radical was the most effective anion in- 
vestigated for adsorption on a titanium 
alloy surface. Long chains attached to 
each of these ions should increase the 
effectiveness of the simpler ions consid- 
ered here. The relation between corrosion 
inhibition and the screening of titanium 
surfaces in grinding is discussed. (auth) 
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5.9.4 

Non-Mechanical Methods of Metal 
Brightening. Pt. I. Stainless Steel, 9 
SitMANn. Product Finishing, 9, No. 7, 168. 
171 (1956) July. 

Briefly discusses electropolishing and 
details of its application to stainless steel 
and high-chromium iron—BNF. 13124 


5.9.4 
Effect of Aluminium Sulphate in the 
Sulphuric Acid Electrolyte on Anodic 
Polarisation. R. B. Mason. J. Electro- 
chem. Soc., 103, No. 8, 425-429 (1956) Aug. 
Anode polarization measurements made 
over wide range of concentration of sul- 
furic acid electrolyte, in each case coating 
ratio determined, Presence of aluminum 
sulfate in the electrolyte decreased polari- 
zation value (about 1/5 as much as did 
free sulfuric acid) and had little effect on 
coating ratio. Additions of oxalic, gly- 
colic and tartaric acids had small effect 
on polarization, but increased coating 
ratio and decreased rate of solution of 
the oxide coating in the bath—BNF., 
12850 


5.9.4 

Study of the Protective Film on Alu- 
minum by Dipping. S. NAGAuRA AND T. 
Murakawa. J. Chem. Soc., Ind. Chem. 
Sec. (Japan), 59, No. 10, 1106-1108 (1956) 
October. 

Imperfection of the protective film on 
aluminum by dipping was observed 
microscopically. Electropolished 99.8% 
aluminum ingot was dipped in Alodine 
1200 (American Chemical Paint Co.), 
containing bichromate, fluoride etc. 1. On 
the electropolished surface of the sample, 
where grain boundaries are obviously 
revealed, production of Alodine yellow 
film started in the center of the grain 
and the narrow region along boundaries 
was left. If such a sample, on which dis- 
continuity of oxide film exists is im- 
mersed in dilute hydrochloric acid, pat- 
tern of clear lane which shows uncor- 
roded part is revealed. On the other hand, 
if the sample is put into dilute sodium 
hydroxide, ordinary grain boundary cor- 
rosion occurs. Alodine film (chromate 
and oxide—) is attacked easily by acid; 
corrosion of electropolished surface is 
not so quick. This tendency is quite re- 
verse with the corrosion by alkali. It can 
be concluded that Alodine 1200 film is not 
produced along grain boundaries. 2. Pro- 
duction of Alodine film was compared 
with Alumite (film by anodic oxidation). 
From distribution of copper particles de- 
posited on the grain boundaries by elec- 
tropiating, it was found that dipping in 
Alodine bath makes the iron precipitated 
in grain boundaries inactive, while by 
anodic oxidation the iron is covered up 
with thick oxide film. —JSPS. 13047 


5.9.4 
Diffusion Siliconising. (In Russian.) 
N. S. GorsuNov AND A. S. AKOpDZHANYAN. 
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J. Applied Chem., USSR (Zhur. Priklad 
Khim.), 29, No. 5, 655-659 (1956) May. 
Production of iron-silicon diffusion 
coating on iron by coating with silicon 
and heating in chlorine.—BNF. 12812 


5.9.4, 6.3.15 

Investigations on Surface Hardening 
(Titanium) with Nitrogen and Carbon. 
(In German.) K. Bu +e" AND = 
Rupincer. Z. Metallkunde, 47, No. 8, 577 
583 (1956) August. 

Experiments on surface hardening of 
titanium by nitrogen, ammonia and 
carbon. Nitriding with ammonia yields 
better hardness values than nitrogen and 
greater depth of hardening zones, but at 
the same time hydrogen is absorbed and 
the material may become embrittled. 
Carburization yields high surface hard- 
ness and good depth of hardening zones; 
it is commercially acceptable if appro- 


priate carburization conditions are 
chosen.—BNF. 13032 


5.9.4, 6.4.2 

Surface Treatment of Aluminium and 
Its Alloys. Part IIIA. General. Part 
IIIB. Properties of the Aluminium Film. 


In French.) C. ET1ENNE AND F. Fiusin. 
Rev. Aluminium, 33, Nos, 232, 233, 507- 
513, 621-627 (1956) May, June. 


Part III (A). Mechanism put forward 
is that the anodizing layer grows from 
sutside to inside while the outer surface 
initially formed is dissolved by the elec- 
trolyte, the final thickness depending on 
relative speed of oxidation and dissolu- 
tion. 5 references. Part III (B). Prop- 
erties of the anodized film (appearance, 
density, porosity, hardness, resistivity, 
thickness, corrosion resistance, etc.), 
effect of basis metal, composition and 
control of properties are surveyed. 7 
references. JF ~ 13079 








5.11 Design—4Influence on 
Corrosion 





5:81,.3.5.7 

Selection of Alloys for Service Re- 
quirements. J. W. FREEMAN AND H. R. 
VoorHEEs. Ind. & Eng. Chem., 48, No. 5, 
861-871 (1956) May. 

Discusses evaluation of alloys from 
high temperature rupture, creep and 
total-deformation data under complex 
stress and temperature conditions as en- 
countered in extreme pressure applica- 
tions. Theories of failure due to complex 
stresses and results of complex-stress 
studies, nonuniform stress distributions, 
notched-bar rupture tests, effect of tem- 
perature variations, thermal stresses and 
thermal shock, fatigue and corrosion 
effects are considered. Tables present 
stress for rupture in 10,000 hours and 
Stress for minimum creep at 800-1700F 
for such alloys as Types 304, 347, 19-9DL, 
16-25-6, 17-14 copper- -molybdenum, Cro- 
joy 15-15N, A-286, N-155, S-816, Inconel 
X, M-252, 'W aspaloy, Inco 700, Udimet 
500 and X- 40. Among graphs is plot of 
Stress vs rupture life at 1350F for notched 
and unnotched specimens of Inconel 
X-550 alloy, solution treated and aged. 
17 references.—INCO. 12811 





6. MATERIALS OF 
CONSTRUCTION 


LY SS 


6.2 Ferrous Metals and Alloys 
aia aa 
6.2.1 


Casting Alloys in the Construction of 
Chemical Apparatus. (In German.) Eric 
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RaBatp. Werkstoffe u. Korrosion, 7, No. 
8/9, 435-448 (1956) Sept. 

Chemical resistivity and applications of 
several alloy irons and steels —BTR. 


12906 

6:2:2 
Gray Iron Castings. R. J. Fasian. Ma- 
terials & Methods, 44, No. 4, 121-136 


(1956) October. 

Summary of basic data needed for in- 
telligent design of gray iron castings. 
Engineering properties covered are ten- 
sile strength, modulus of elasticity, tor- 
sional shear strength, shear strength, en- 
durance limit, yield strength, hardness, 
notch sensitivity, impact strength, duc- 
tility, damping capacity, wear resistance, 
corrosion resistance, heat resistance, low 
temperature properties, density, coeffi- 
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cient of expansion, thermal, electrical and 
magnetic properties. Design considera- 
tions cover sizes, tolerances and section 
thickness. Coatings and finishes include 
sprayed metal coatings, hot dip coatings 
(tin, zinc, lead and aluminum), hard 
facings, cementation or diffusion coatings 
(calorizing, chromizing and sherardiz- 
ing), electroplates (nickel, chromium, 
cadmium and zinc), organic finishes, 
porcelain enamels, phosphate and black 
oxide coatings. Heat treatment covers 
stress relieving, annealing, flame harden- 
ing, induction hardening, quench harden- 
ing and hot quenching. Oxyacetylene 
welding, arc welding and brazing are 
reviewed. Methods of casting gray iron 
and typical applications of gray iron cast- 
ings are summarized.—_I NCO. 12817 
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No longer do modern pipe line 


construction crews use the time con- 
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handling and backfilling operations 
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and give your pipe extra 


protection against rock damage and 


corrosion. 
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Look for the answer in 


TROPICAL 
RUBBER-BASE PAINTS 


Tropical Heavy-Duty Rubber-Base 
Paints are specially processed to re- 
sist corrosive attack from moisture, 
acids, alkalies, fumes, mold and 
mildew. In thousands of industrial 
applications, these tough rubber 
coatings have provided long-lasting 
protection for ceilings, walls, floors, 
masonry and machinery—and have 
reduced maintenance costs. 

Simple and easy to apply, Tropical 
rubber paints seal out moisture on 
exterior and interior concrete, ce- 
ment block, stucco, brick, plaster 
or metal surfaces. Quick-curing. 
Prime, seal and finish paint the same 
day. A wide selection of colors and 
finishes available. 


A Heavy-Duty Coating 

For Every Application 
Also investigate our oleoresinous 
phenolics, Tropoxy enamels and 
high-heat (up to 1000°) aluminum 
coatings. Let the Tropical man help 
you solve your tough maintenance 
jobs. Call him today! 


FREE—complete information on our spe- 
cialized industrial coatings sent on request. 


TROPICAL PAINT CO. 


1142-1246 W. 7Oth., Cleveland 2, Ohio 


Heavy-Duty Maintenance 
Paints Since 1883 
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6.3 Non-Ferrous Metals 
and Alloys—Heavy 


6.3.6, 3.5.8 

Season Cracking of Brass, I. IGARASHI, 
T. IcaRASHI AND A. Kinuxawa. J. Japan 
Inst. Metals, 20, No. 5, 294-295 (1956) 
May. 

Ammonia stress-cracking tests upon 
slowly solidified coarse-grained 70 cop- 
per-zinc brass were carried out. At first, 
fine parallel cracks (111) or (110) ap- 
pear; next, the cracking direction is 
changed transverse to the stress direc- 
tion; finally, fine parallels connecting to- 
gether as if they were single cracks 
appear transverse to the stress direction. 
—JSPS. 12828 


6.3.9 

The Protection of Molybdenum 
Against High-Temperature Oxidation. 
J. J. Harwoop. Paper before Symp. on 
Technology of Molybdenum and Mo- 
lybdenum-Base Alloys, Office of Naval 
Research, Detroit, Sept. 18-19, 1956, 37 
pp. Proc. Am. Electroplaters’ Soc., 43, 
78-90 (1956), 

Mechanism of oxidation of molybdenum 
at high temperatures is discussed. Coat- 
ing or surface barrier requirements con- 
sidered include adequate oxidation re- 
sistance, thermal shock resistance, impact 
resistance, erosion resistance, ductility 
and fatigue resistance. Laboratory tests 
used to evaluate coatings include oxida- 
tion, thermal shock, ballistic impact, 
creep-rupture, erosion and engine or hot- 
spin tests. Improving oxidation resistance 
by alloying the molybdenum base metal 
itself is considered. Types of coatings 
evaluated and discussed in considerable 
detail include: self-regenerative scales 
with emphasis on oxides and molybdates 
of nickel and cobalt; ceramic coatings 
such as low expansion glass sandwiching 
with refractory coating, chromium-frit 
type, zirconium oxide or silicate bonded 
with zirconate and chromium-nickel-boron 
alloy (Colmonoy #6) applied by ceramic 
technique; molybdenum disilicide coat- 


ings applied by siliconizing and other 
methods; cladding with nickel, Inconel 
nickel-chromium alloys, stainless steel, 


etc.; metallized or sprayed metal coat- 
ings with emphasis on those based on 
aluminum-chromium-silicon and_nickel- 
boron; electroplated coatings of nickel, 
chromium and chromium-nickel; and dif- 
fusion coatings of various kinds. For 
gas turbine applications, greatest stum- 
bling block is requirement for with- 
standing high velocity impact. Most 
successful coatings center around nickel- 
chromium alloy system. Both electroplated 
chromium-nickel layers and sprayed 
nickel-chromium alloys containing sili- 
con and boron protect molybdenum up 
to 2000F. Diffusion of molybdenum into 
metal and alloy coatings and formation 
of brittle intermetallic compounds are 
mentioned. Tables, graphs, 21 references. 


—INCO. 12820 


6.3.15 

The Electrochemical Properties of Ti- 
tanium. Rept. I]. Measurement of Polar- 
ization of Titanium. S. Morioka AND 
A. Umezono. J. Japan Inst. Metals, 20, 
No. 7, 407-411 (1956) July. 

When the anodic polarization curves 
of titanium are measured in a solution 
wherein the corrosion potential of ti- 
tanium varies to positive direction with 
time, the potential of titanium becomes 
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constant between 1.7 to 1.9 volt (ys 
SCE), while the anodic current density 
is increased and the curve has an arrest, 
The arrest, which corresponds to the 
oxygen ev olution potential on the polar- 
ization curve can be found in neither 
measurement, the one performed in a 
solution in which the corrosion potential 
of titanium varies to negative direction 
with time or the other carried out with 
the titanium surface pretreated so that 
the natural oxide film is reduced cathodi- 
cally or chemically. From these experi- 
ments and electron diffraction studies, it 


is concluded that the oxide film on 
titanium produced by electrochemical 
oxidation is different from the natural 
oxide film formed in air and that the 


former is of rutile type, non-conductive 
crystals and the latter is presumably of 
rutile type, conductive crystals. An 
anatase type titanium dioxide is formed 
only when titanium is oxidized in the 
solution without applied current.—JSPS, 

12823 


6.3.20, 3.8.2 

Part I. The Kinetics of the Corrosion 
of Low Hafnium Zirconium in Sulfuric 
Acid Solutions. Part II, Surface Area 
Determinations of Zirconium Plates, 
Technical Report No. XXIV. Tennyson 
SMITH AND GEORGE RICHARD HILL. Utah 
Univ. Inst. for Study of Rate Processes. 
U. S. Atomic Energy Comm. Pubn., 
AECU-3271, June 1, 1956, 6 pp. Avail- 
able from: Office of Technical Services, 
Washington, D. C. 

The rate of dissolution of zirconium in 
sulfuric acid solutions was studied. In 
sulfuric acid solutions the rate is slower 
than in hydrochloric acid by a factor of 
approximately 10*, The activation energy 
for the slow step is about 7 or 8 kcal/ 
mole. The gaseous product of the re- 
action is hydrogen. The reaction rate is 
first order with respect to sulfuric acid 
(free acid) and is independent of any 
other species in solution. It is postulated 
that the slow step consists of sulfuric 
acid (free acid) diffusion to the zir- 
conium metal surface through a protec- 
tive oxide film, probably at cracks or 
dislocations in the film. The applicability 
of measuring true surface areas or noting 
changes in the true surface area of zir- 
conium metal plates by masuring the 
capacitance of the zirconium surface in 
aqueous. solutions was studied. The 
capacitance of a mercury surface in sul- 
furic acid solutions was measured using 
various voltages. The measurements on 
mercury correlated well with those 
given in the literature. Capacitance meas- 
urements on zirconium showed that 
changes in the true surface area can be 
measured if conditions are such that the 
zirconium oxide film does not change. It is 
shown that by measuring the oxide film 
thickness by an optical method, true sur- 
face areas can be determined. (auth).— 


NSA. 13081 


6.3.20, 4.6.2, 3.2.2 

Effect of Hydrogen Pickup on Corro- 
sion Behavior of Zirconium in Water. 
CHARLES M. ScHWARTZ AND DALE A. 
VAUGHAN. Battelle Memorial Institute. 
U. S. Atomic Energy Comm. Pubn., 
BMI-1120, August 1, 1956, 20 pp. Avail- 
able from: Office of Technical Services, 
Washington, D. C. 

The pickup of hydrogen by zirconium 
during exposure to 750 F steam was de- 
termined. The amount of hydrogen 
picked up appeared to be in proportion 
to the amount of corrosion as deter- 
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mined by weight-gain measurement. 
Metallographic study of cross sections 
after exposure of zirconium to 750 F 
steam revealed the growth of hydride 
needles. Incipient formation of a hydride 
layer between the metal and the oxide 
was observed in crystal-bar zirconium 
specimens after they had been exposed 
180 hours to 750 F steam. Hydrogen con- 
tent of zirconium was shown to have lit- 
tle or no effect on its corrosion behavior 
providing the surface through which hy- 
drogen has diffused was removed. The 
corrosion resistance of Zircaloy 2 sur- 
faces, impregnated with hydrogen prior 
to exposure to 750 F steam, was de- 
creased in proportion to the amount of 
hydrogen added. (auth.)—NSA. 12975 
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PIPE LINE CORROSION 


T-2 Statement on Minimum Require- 

ments for Protection of Buried Pipe 
Lines. Prepared by a Special Task Group of 
NACE Technical Group Committee T-2 on 
Pipe Line Corrosion. Publication No. 56-15. 


Per Copy $.50. 

TP-2 First Interim Report on Galvanic 
Anode Tests. (Pub. 50-2) NACE 

members, $3; Non-members, $5 Per Copy. 

T-2B Final Report on Four Annual Anode 
Inspections. A Report of Technical 


Unit Committee T-2B on Anodes for Im- 
pressed Current. Publication 56-1. Per Copy 


$1.00. 

T-2B Use of High Silicon Cast Iron for 
Anodes. First Interim Report of Unit 

Committee T-2B on Anodes for Impressed 

Current. Publication No. 57-4. Per Copy $.50. 

T-2C Some Observations of Cathodic Pro- 
tection Potential Criteria in Local- 


ized Pitting. A Report of T-2C on Minimum 
Current Requirements for Cathodic Protec- 


tion. Pub. 54-2. Per Copy $.50. 
T-2C Some Observations on Cathodic Pro- 
tection criteria. A contribution to 
the work of NACE Technical Unit committee 
T-2C. Publication No. 57-15. Per Copy $.50. 
T-2G Tentative Recommended Specifica- 
tions and Practices for Coal Tar 
Coatings for Underground Use. A Report of 
Technical Unit Committee T-2G on Coal Tar 
Coatings for Underground Use. Per Copy $.50. 
T-2H First Interim Report. Tentative Rec- 
ommended Specifications for Asphalt 
Type Protective Coatings for Underground 
Pipe Lines—Wrapped Systems. A Report of 
NACE Technical Unit Committee T-2H on As- 
phalt-type Pipe Coatings. Publication No. 
57-11. Per Copy $.50. 
T-2H Second Interim Report. Tentative 
Recommended Specifications for As- 
phalt-type Protective Coatings for Under- 
ground Pipe Lines—Mastic Systems. A Report 
of NACE Technical Unit Committee T-2H on 
Asphalt-type Pipe Coatings. Publication No. 
57-14. Per Copy $.50. 
TP-3 First Interim Reports on Ground 
Anode Tests. (Pub. 50-1) NACE 
members, $3; Non-members, $5 Per Copy. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. Houston 2, Texas 
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6.4 Non-Ferrous Metals 
and Alloys—tLight 


6.4.2 

Mechanical Property, Corrosion and 
Welding Studies on 6066 Aluminum 
Alloy (Period covered September 1954 
to September 1955). JoHNnN D. Woop. 
U. S. Wright Air Development Center, 
Tech. Rept. 56-99, June, 1956, 35 pp. 

The mechanical properties and stress 
corrosion characteristics of 6066-T6 ex- 
trusion were studied, The effect of salt 
spray exposure on 6066-T6 sheet was 
determined and found to approach 
2014-T6 alloy. In addition, the welding 
characteristics of 6066 were investigated 
and it was found that 6066 alloy can be 
arc welded using 6066, 716 and 195 alloy 
filler metals. (auth).—NSA. 13116 


6.4.2 

Studies on Reaction of Aluminium- 
Magnesium Alloy with Crucible Mate- 
rials. Masao Kato AND YAsujr NAKA- 
MuRA. Light Metals (Japan), 5, No. 19, 
70-75 (1956) May. 

The aluminum-magnesium casting al- 
loy is very susceptible to impurity con- 
tent; iron lowers its corrosion resistance 
and silicon lowers its mechanical prop- 
erties, especially ductility. These impuri- 
ties come not only from alloying ingots 
but also from crucible and utensils for 
melting. In these experiments, alumi- 
num-magnesium alloys were kept in 
steel, cast-iron or graphite crucibles in 
constant temperature for several hours 
and the iron and silicon contents were 
determined on samples poured from the 
melt from time to time. Sections of the 
crucible wall also were microscopically 
examined. The results obtained were: 
1) aluminum-magnesium alloy attacks 
the ferrous crucible more rapidly than 
aluminum or silicon, and the quantity of 
the dissolved iron seems to become con- 
stant after a few hours, 2) Any distinct 
difference in iron increase is not found 
between the two cases of steel and cast 
iron crucibles. 3) The difference had little 
to do with the holding temperature. 4) 
Aluminum-magnesium alloys react with 
silicon dioxide in the graphite crucible, 
reduce it to silicon and form Mg:Si. 5) 
Aluminum-10% magnesium alloy has 
more active reaction on the graphite 
crucible than aluminum-4.5% magnesium 
alloy. 6) The higher the holding tem- 
perature the greater the rate of reaction 
increases. From these results it was 
found that some suitable lining to the 
crucible for melting aluminum-magne- 
sium alloys is essential and also that 
melting at higher temperature is not de- 
sirable because of its bad effect upon the 
properties of the alloys —ALL. 12910 


6.4.2 

Studies on Variation of Corrosion Re- 
sistance of Aluminum-Magnesium Al- 
loys with the Lapse of Aging Time. S. 
IsHmpA, H. NAKAMURA AND S. IsHII. 
Light Metals (Japan), No. 19, 55-58 
(1956) May. 

Specimens were prepared by alloying 
99.99% aluminum with magnesium and 
Misch-metal, the composition of the first 
series being 2.5, 3.5, 5, 7, 10 and 12% of 
magnesium, and of the second series 5, 
7, 10 and 12% magnesium with 0.3 and 
0.5% of Mischmetal. The sheet speci- 
mens, 1.2 mm thick, were solution- 
treated at 400 C for 2 hours then quenched 
in the water (1 C) and aged at 50, 80 and 
100 C for about 3000 hours.- 


During the aging, hardness, micro- 
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structure, electrical resistance and cor- 
rosion resistance were intermittently 
tested. The corrosion resistance was 
tested by Mylius method; the specimen 
was immersed in 10% hydrochloric acid 
and the amounts of evolved hydrogen 
were measured. p 
Marked variation in corrosion resist- 
ance was found. Corrosion resistance 
represented by ‘Reaction Number” 
(RN), the quantity of hydrogen evolved 
per unit area and per unit time, jg 
smallest in as-quenched condition, rap- 
idly increases with the duration of aging 
time, and after passing through a maxi- 
mum, decreases. Corresponding to the 
variation of RN, the hardness curve also 
has an inflection point near the aging 
time of the maximum RN. These 
changes probably suggest the formation 
of some special arrangement of mag- 
nesium atoms among aluminum space 
lattice or of an arrangement similar to 
Guinier-Preston Zone.—JSPS. 12909 


6.4.2, 1.6 

Properties of XA78S Aluminum Alloy 
Sheet, Plate and Extrusions (Covers 
Period of Work from September 1951 to 
April 1953). H. W. ZoeLter anp R, E, 
WittMAN U. S. Wright Air Development 
Center, Tech. Rept. 54-119, Feb., 1956, 
108 pp. 

Mechanical and metallurgical proper- 
ties of XA78S aluminum alloy were 
studied. It has 10% greater strength 
than other alloys and corrosion resist- 
ance, fatigue strength, microstructure 
characteristics, response to heat treat- 
ment and spot welding properties are 
comparable to other aluminum-base al- 
loys containing zinc, magnesium and 
copper. It offers greater resistance to 
bending and so forming will be more 
difficult —NSA. 13090 


6.4.2, 1.6 

Surface Treatment and Finishing of 
Aluminium and Its Alloys. S. Wernick 
AND R. Pinner. Book, 1956, 554 pp. Rob- 
ert Draper Ltd., 83 Udney Park, Rd., Ted- 
dington. 

Under one cover, the authors endeavor 
to bring together all available processes 
for the finishing of aluminum and its 
alloys. The book is based on a suite of 
articles in Sheet Metal Industries and 
later in Metal Finishing. For the present 
purpose, they have been revised and re- 
arranged with additions. 

The treatment covers corrosion, me- 
chanical treatments, electrolytic and 
chemical polishing, chemical cleaning and 
pretreatment, conversion coatings; ano- 
dizing (chapters on theory, decorative 
and protective anodizing, hard anodiz- 
ing, coloring anodic coatings, sealing, 
properties); electroplating on aluminum 
(4 chapters on all aspects); organic fin- 
ishing; vitreous enameling; and metal 
spraying. Each chapter is suitably docu- 
mented from the periodical and patent 
literature. Covering a wide field compre- 
hensively, this book should be a useful 


reference work.—BNF. 13093 


6.4.2, 4.6.5 

High Temperature Corrosion of 
Alurninum and of Some Alloys in Pure 
Water. (In French.) H. Corrov, L. 
GRALL, J. Hure, P. LELONG anp J. HEREN- 
GUEL, Rev. Met., 53, No. 10, 775-790 
(1956) Oct, 

First, a comparative study of the 
aqueous corrosion of high purity and 
commercial purity aluminum containing 
various minute impurities, is presented. 
The effect of four factors: Purity of the 
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RESULTS OF YEARS OF LABORATORY RESEARCH 
AND FIELD TESTING ARE NOW AVAILABLE 
TO THE PETROLEUM INDUSTRY 


OUTSTANDING CORROSION INHIBITORS FOR 
CRUDE PETROLEUM FLUIDS 


LONG LASTING EFFECTIVENESS 


EXCEPTIONAL WETTING AND ADSORPTION 
QUALITIES 


a> 
‘ag » FAST POSITIVE FIELD SELECTION TESTS 


TAU EN 
| Hh NEW FIELD TESTS TO GUIDE INHIBITOR 
i SCHEDULES 


CHEROKEE Ci) LABORATORIES, Inc. 


MANUACTURERS OF TUF-PLUG. SUPER-PLUG. TEM-PLUG. AND CHEROKEE CYCLONE 
HOME OFFICE AND MANUFACTURING PLANT IN TULSA, OKLAHOMA 
Branches: Midland, Beaumont, Corpus Christi, Oklahoma City, New Orleans, Lafayette, La, Casper 
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metal tested, previous heat treatment, 
chemical additions to the water and 
temperature of the corrosion process is 
evaluated and a tentative interpretation 
is given for the phenomenon of surface 
expansion observed during high tem- 
perature corrosion of aluminum. Second, 
based on micrographic observations, a 
detailed description of the corrosion 
mechanism is furnished and for each of 
the three different forms of corrosion: 
Uniform, intergranular and pitting, the 
changes in surface characteristics and 
properties of the oxide film are studied. 


—ALL. 13013 


6.4.3, 1.6, 3.7.3 

The Effect of Metallurgical Variables 
on the Corrosion of Extruded Beryllium. 
ARNOLD R. OLSEN. Oak Ridge National 
Lab. U. S. Atomic Energy Comm. Pubn., 
ORNL-1146, April 1, 1952 (Declassified 
Jan. 6, 1956), 59 pp. Available from: 
Office of Technical Services, Washing- 
ton, D: C. 

A single vacuum cast and extruded 
billet of beryllium was divided into a 
number of corrosion samples and corro- 
sion tested in simulated MTR coolant 
for periods up to one year, The samples 
were segregated as to position in the 
billet and metallurgical treatment; i.e., 
leading end, center and trailing end of 
the billet, directly machined, annealed 
and machined and annealed-machined 
and annealed. It was found that there is 
no significant change in corrosion resist- 
ance throughout the length of the extru- 
sion. Over-all corrosion attack and pit- 
ting rates increased directly with the 
number of anneals on short time expo- 
sures. However, the over-all attack on 
longer term exposures, up to 12 months, 


° M&M BLDG., 


HOUSTON, TEXAS 
Phone CA 2-2203 


@ 1038 4th St., 
Gretna, La. 
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is almost identical regardless of whether 
the sample has been annealed or not. 
Further proof of the extreme sensitivity 
of beryllium to minor changes in the 
media was also found. (auth)—NSA. 
12877 


6.4.3, 4.6.5 

Initial Corrosion Tests on Brush 
Process QM and QRM Beryllium, Part 
I-A. Corrosion of Beryllium in Simu- 
lated Cooling Water for the Materials 
Testing Reactor (Interim Report for 
April, 1949 through September, 1949). 
ARNOLD R. OLseN, Oak Ridge National 
Lab. U. S. Atomic Energy Comm. Pubn., 
ORNL-733, July 14, 1950 (Declassified 
Jan. 6, 1956), 33 pp. Available from: 
Office of Technical Services, Washington, 
DC. 

Static corrosion tests were conducted 
for 60 days in demineralized water con- 
taining small amounts of hydrogen per- 
oxide at 85 C in the pH range 5.5 to 6.5. 
Samples of QM and QRM beryllium, 
produced by two recently developed 
powder process techniques, were tested. 
The data provided by these experiments 
indicate that in all cases the metal from 
these two processes has corrosion resist- 
ance comparable with the best vacuum 
cast and extruded metal tested by this 
group, QRM metal seems to be slightly 
superior to the QM metal under all con- 
ditions. A calculated maximum penetra- 
tion rate of 0.0014 in./yr. was observed. 
Data on corrosion of beryllium-2S alu- 
minum and beryllium-356 aluminum cou- 
ples are included. Tests are being started 
to determine the maximum allowable 
concentration of various ionic constitu- 
ents in the demineralized water. The 
results of all tests show that annealing 
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after machining decreases the corrosion 

resistance of the beryllium at least in 

the initial stages of attack—NSA. 
12875 


6.4.4, 3.7.2 

Effect of Gallium on Resistance to 
Corrosion of Magnesium Alloys, B. | 
Netson. Alcoa. J. Metals (Trans. AIME). 
8, No. 10, 1354-1355 (1956) Oct. ‘ 

Effect of gallium upon corrosion of 
electrolytic magnesium, sublimed mag- 
nesium, alloy AM 52S (magnesium-3 
aluminum-1 zinc-0.2 manganese) and 
binary alloys of magnesium with lithium 
aluminum, tin and zinc. Corrosion tests 
used in the investigation were: Alternate 
immersion in sodium chloride-hydrogen 
peroxide at 80-90 F, intermittent salt 
spray at 75-85 F with 3.5 sodium chlo- 
ride solution, exposure to an industrial 
atmosphere and stress corrosion crack- 
ing in which specimens were exposed to 
solution of 35 gpl sodium chloride plus 
10 gpl potassium chromate under stress 
equivalent to 100% of yield strength, 
Results are discussed. Table—INCO, 


12844 





6.6 Non-Metallic Materials 





6.6.4, 8.4.5 

Role of Surface Area in the Kinetics 
of Oxidation of Graphite, C. N. Sparanis, 
Hanford Atomic Products Operation, 
Richland, Washington. U. S. Atomic 
Energy Comm, Pubn., HW-31928, May 
24, 1954 (Declassified January 6, 1956), 
23 pp. Available from: Office of Techni- 
cal Services, Washington, D. C. 

The effect of surface area magnitude 
on the oxidation rate of graphite-carbon 
dioxide and graphite-oxygen has been 
investigated by comparing the _ initial 
surface areas of several graphite sam- 
ples and their rate of oxidation in an 
oven and in the piles. The role of graphite 
binding material in the mechanism of 
graphite-gas oxidation system has been 
investigated, and its significance dis- 
cussed. On the basis of results obtained, 
it seems probable that surface area of 
graphite as a measurable parameter can 
be used to monitor oxidation in the high 
temperature regions of the Hanford pile 
stack. (auth)—NSA. 12954 





6.7 Duplex Materials 





6.7.2 

High-Temperature Parts Based on 
Titanium Carbide. WaLtTHER L. Have- 
KOTTE. Firth Sterling Inc., Pittsburgh. 
Metal Progress, 69, No. 4, 56-62 (1956) 
Apr. 

Titanium carbide-base cermets were 
prepared which exhibited good corrosion 
resistance and stress-rupture strength 











but low impact resistance —NSA,. 12816 
7. EQUIPMENT 
7.1 Engines, Bearings 

and Turbines 





7.1 

Wear Behavior of High Temperature 
Bearing Materials. J. T. Burwev. Hori- 
zons, Inc. Precision Metal Molding, 14, 
No. 10, 40-41, 87-88, 90-91 (1956) October. 

Development of a material suitable for 
bearing retainers used in aircraft gas 
turbines. Materials wear tested included 
S Monel, Ni-Resist, Inconel and cast 
Inconel. Several heterogeneous alloys 
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GIANTS ARE 


Small wonder. We serve giant in- 
dustries . paper-making, ship- 
building, metalworking, atomic 
energy, petro-chemical, and others 
... With centrifugally cast cylinders 
and tubular parts, many of which 
can’t be made by any other process 
to the exacting standards required. 

It’s the 47 years of specialized 
experience coupled with unequalled 
manufacturing facilities . . . that 
makes it routine for our engineers 
and production teams to cast and 
machine cylinders from 7” to 54” 
O.D. and up to 33 feet in length... 
in a wide range of alloys meeting 
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Largest bronze centrifugal casting ever made, 54%,” O.D. 
x 494," 1.D. x 3461,” long. Charge weight—72,300 pounds. 
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ROUTINE... 


special performance requirements. 

Do you need a giant cylindrical 
form ...or asmall one... machined 
to exact working dimensions? Send 
us your specifications; we’ll reply 
promptly. 


Sandusky Centrifugal Castings 
offer you 4 important advantages: 


1. SUPERIOR MECHANICAL PROPERTIES 
—to meet exacting design requirements 

2. UNIFORM SOUNDNESS-—free from harm- 
ful inclusions and porosity 

3. HIGHEST QUALITY-—to insure long, de- 
pendable, trouble-free service 

4.JOB-READY CASTINGS—machined to 
your exact specifications, eliminate extra 
costs from rejects, down-time, loss of 
production 


CENTRIFUGAL CASTINGS ‘ 


Cylindrical Products for Industry 
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Sandush {V Foundry & Machine Company 


SANDUSKY, OHIO « Stainless, Carbon, Low Alloy Steels—Full Range Copper-Base, Nickel-Base Alloys 
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containing silver as a soft low shear 
strength phase, showed wear properties 
superior to S Monel which is presently 
used as cage material. The hard load- 
supporting phase showing the most prom- 
ise was a nickel base material with ad- 
ditives of silicon or silicides. Materials 
showing best wear properties were most 
efficiently fabricated by powder metal- 
lurgy techniques, utilizing infiltration 
for adding silver, Graph showing rela- 
tive wear rates as function of tempera- 
tures includes Monel, cast Inconel, nickel 
(10 molybdenum disilicide) ++ silver and 
chromium-nickel (10 molybdenum disili- 


cide) + silver. Diagram.—INCO. 13017 


74 


Interpreting Service Damage in Roll- 
ing-Type Bearings. Ropert C. Case. Bu- 
reau of Ships J., 5, 6-12 (1956) Oct. 

Abuse before and during mounting; 
results of improper mounting; inadequate 
lubrication; wear from abrasives; corro- 
sion; seizure and smearing; passage of 
electric current; fatigue—-BTR. 13002 


7A 


Aircraft Gas Turbine Metallurgy. R. B. 
JoHNson, Jr. Paper before Nat'l. Metal 
Congress High Temperature Symposium, 
Philadelphia. Aviation Age, 26, Nos. 3, 4, 
86-91, 40-45 (1956) Sept., Oct. 

Requirements for gas turbine mate- 
rials are listed. In forward end of engine 
most critical material application is com- 
pressor blades. Materials used here are 
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T-5A-4 A _ Bibliography on Corrosion by 

Chlorine. A Report of Technical 
Unit Committee T-5A on Corrosion in the 
Chemical Manufacturing Industry. (Compiled 
by Task Group T-5A-4 on Chlorine.) Pub. 
56-2. Per Copy $1.50. 


T-5A-5 Corrosion by Nitric Acid. A Prog- 
ress Report by NACE Task Group 
T-5A-5 on Nitric Acid. Per Copy $.50. 


T-5A-5 Aluminum vs Fuming Nitric Acids. 

A Report by NACE Task Group 
T-5A-5 on Corrosion by Nitric Acids. Per 
Copy $.50. 


T-5B High Temperature Corrosion Data. 
; A Compilation by NACE Technical 

Unit Committee on High Temperature Cor- 

rosion, Pub. 55-6. Per Copy $.50. 

TP-5C 

$.50. 


T-5C-1 


Stress Corrosion Cracking in Alka- 
line Solutions. Pub. 51-3. Per Copy 


Some Economic Data on Chemical 
Treatment of Gulf Coast Cooling 
Waters. A Report of the Recirculating Cool- 
ing Water Sub-Committee of NACE Task 
Group T-5C-1 on Corrosion by Cooling Wa- 
ters, South Central Region. Per Copy $.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bidg., Houston, Texas, Add 65c_per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 


1061 M & M Bldg. —_ Houston 2, Texas 
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4340 steel and 12 chromium stainless, 
chosen because of good heat treating 
characteristics and physical and corro- 
sion properties. Turbine wheel and gas 
turbine bucket production problems are 
overcome by using sound ingots pro- 
duced by a continuous melting process, 
improved forging practices and use of 
a composite wheel. Timken 16-25-6 is 
used at rim; hub and shaft section are 
4340 steel welded together with 26 chro- 
mium-9 nickel electrode. Materials used 
in nozzle of afterburner are Inconel X 
and L605. Temperature and strain rate 
are such that stress rupture fractures 
for S816 and M252 are intergranular in 
nature instead of the usual transgranular 
failure. Photos, graphs —INCO. 13105 


7A, 2A2 

A Research Programme on Bearing 
Materials for Nuclear Reactors. A. Boyp. 
Paper before Can. Inst. Mining & Met, 
Ann. Mtg., Quebec, April, 1956. Trans. 
Can. Inst. Mining & Met., 59, 305-309 
(1956); Can. Mining & Met. Bull. 49, 
No. 532, 545-549 (1956) August. 

Description of machine designed and 
built to test materials for their sliding 
friction and wear properties under spe- 
cial conditions, namely, limits of load, 
speed and lubrication to be found in the 
Chalk River Nuclear Reactor project. 
Results of extensive tests are tabulated 
and the best combinations of materials 
indicated. Data are included for Type 
416, sintered stainless steel, aluminum, 
bronze, K-Monel, S-Monel, chromium 
plating, Hastelloy, Stellite, nitrided stain- 
less steel and cast iron, among others. 
Graph shows coefficient of friction and 
wear rate of S-Monel against stainless 
steel—_INCO. 13071 


7.1, 3.5.3 


Reduction of Cavitation Pitting of 
Diesel Engine Cylinder Liners. J. A. 
Joyner. Studebaker-Packard Corp. Auto- 
motive Inds., 115, No. 6, 162, 164 (1956) 
Sept. 15. 

Deals with type of cavitation pitting 
associated with formation and collapse 
of vacuum bubbles created at surface of 
cylinder liner when absolute pressure in 
area drops below vapor pressure of liq- 
uid. Recent endurance tests in 40% 
Prestone solution with various chromate 
additions resulted in conclusions that 
control of piston clearance is most effec- 
tive way of reducing pitting, nickel- 
chromium plate has good resistance to 
cavitation pitting, high frequency vibra- 
tions over three mils are difficult to pro- 
tect, and inhibitors are beneficial—INCO. 

12833 


7.1, 3.5.9 


Research in High Temperature Bear- 
ing Lubrication in the Absence of Liq- 
uid Lubricants (Final Report for May 
1, 1955-April 30, 1956). CHartes H. 
BatLey and Stantey S. SoremM. Shell 
Development Co. U. S. Wright Air De- 
velopment Center, Tech. Rept. 56-370, 
May, 1956, 51 pp. 

The applicability of the “protective 
atmosphere” system to the operation of 
high temperature alloy rolling element 
bearings at temperatures from 600 to 
800 F is being investigated. This sys- 
tem involves surrounding the operating 
bearing with reducing atmosphere con- 
sisting of a mixture of organic vapor 
and a volatile extreme pressure additive 
in air. The reducing environment pre- 
vents the formation of destructive abras- 
ive metal oxides. Reactions of the ex- 
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treme pressure additive and the organic 
vapor with or on the metal surfaces 
results in the formation of films which 
provide the necessary “lubrication” for 
high temperature operation. Results of 
this investigation to date show that the 
“protective atmosphere” system js ap- 
plicable to bearings constructed of fer- 
rous alloys. Bearings with tool steel 
balls and races and steel cages appear 
best suited. The desired films cannot be 
formed on metals of low oxidation po- 
tential such as bronze or silver nor on 
the oxidation resistant alloys such as the 
stainless steels. The contributions of 
the organic portion of the atmosphere 
to the protective film formation has 
only recently been recognized. Exploita- 
tion of this discovery may lead to 
further improvements in “protective at- 
mosphere” composition. Best results 
thus far have been obtained with a 
“protective atmosphere” consisting of a 
mixture of air and JP-4 fuel vapor in a 
weight ratio of 8 to 1. The JP-4 used 
contained about 0.2% sulfur. In this at- 
mosphere a size 206 all ferrous metal 
bearing has been operated 100 hours at 
10,000 rpm and 700 F without appreci- 
able wear or other indications of bear- 
ing deterioration. The limits of the “pro- 
tective atmosphere” system with respect 
to bearing temperature, speed and load 
are yet to be determined. (auth.)-- 


NSA. 13039 


7.1, 4.4.3, 4.6.4 

Means of Reducing Coolant Side Cor- 
rosion of Diesel Cylinder Sleeves. A. K. 
BLiackwoop. International Harvester Co. 
Automotive Inds., 115, No. 6, 164, 168 
(1956) Sept. 15. 

Use of copper-chromium and _nickel- 
chromium-molybdenum iron. sleeves 
heat treated to Rockwell C45, and use 
of commercial chromate inhibitors 
greatly reduced corrosion of cylinder 
sleeves. However, addition of  insuf- 
ficient chromate to stifle oxygen-cor- 
rosion of iron intensifies attack. Heavy 
deposits form in hottest areas of water 
jacket when chromate treated water is 
used with certain permanent. anti- 
freezes. High water-velocity and sleeve 
deflection were accelerating factors 
found in corrosion areas; revised engine 


design is discussed.—INCO. 13036 


7.1, 4.4.6, 4.2.3 


Effect of Boron Compounds on Com- 
bustion Processes. E. C. Huaues, P. S. 
Fay, L. S. Szaso and R. C. Tupa. Ind. 
& Eng. Chem., 48, No. 10, 1858-1862 
(1956) October. 

Investigations of effect of gasoline- 
soluble, volatile boron compound on 
combustion reactions in gasoline engines 
showed that it significantly reduced fre- 
quency of surface ignition over deposits 
built up with ordinary fuels. It affected 
preflame reactions occurring in engine 
and increased F-1 octane number otf 
commercial leaded fuel. When used in 
a clean engine it resulted in less de- 
posits on exhaust valves and _ longer 
valve life under severe operating con- 


ditions. Illustrations, 26 references.— 
INCO. 12863 








7.2 Valves, Pipes and Meters 





7.2, 4.3.2 

A Thermal Type Flow Meter for Low 
Rates of Anhydrous Hydrofluoric Acid. 
K. O. Jounson, W. F. Peep and G. H 
CLewetr. Tennessee Eastman Corp. 
U. S. Atomic Energy Comm. Pubn, 
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AECD-4121, June 24, 1946 (Declassified 
February 2, 1956), 19 pp. Available 
from: Office otf Technical Services, 
Washington, D. C. 

A thermal-type flowmeter has been 
adapted for use in metering anhydrous 
hydrofluoric acid. This meter is par- 
ticularly suitable for low flow rates and 


for corrosive gases that cannot be han- 


dled in standard type rotameters or 
orifice meters. Meters have been con- 
structed with flow ranges from 0.3 
erams/min to 0.30 grams/min of an- 
hydrous hydrofluoric acid. (auth).— 
NSA. 12826 


CORROSION ABSTRACTS 


7.2, 6.3.6 
What Internal Pressures Can Copper 
and Copper Alloy Tubes Withstand? 


(In French and German.) A. Meyer. 
Pro-Metal, 9, No. 52, 717-722 (1956) 
Aug. 

Simple formula for required wall 
thickness in terms of internal pressures, 


interior diameter and elastic limit. Table 
giving supportable interior pressure for 
wall thicknesses 0.05 to 1 cm, internal 
diameter, 0.4 to 20 cm., for material 
with unit elastic limit. Table of elastic 
limits of electrolytic, OFHC and PDO 
copper, ten brasses, three cupro-nickels, 
three nickel-silvers, four bronzes. 


Of Articles Published In Corrosion 


Remittances must accompany all orders for literature the aggregate cost of which is less 
than $5. Orders of value greater than $5 will be invoiced if requested. Add 65c per 
package to the prices given below for Book Post Registry to all addresses outside the 
United States, Canada and Mexico. Send orders and remittances to NACE, 1061 M&M 


Bldg., Houston 2, Texas. 


Aluminum 


Application of Statistical Theory of Ex- 
treme Values to the Analysis of Maxi- 
mum Pit Depth Data for Aluminum 
by P. M, Aziz 4 aes 


Resistance of Aluminum Alloys to 
Weathering by C. J. Walton, D. O. 
Sprowls and J. A. Nock, Jr., and Re- 
sistance of Aluminum Alloys to Con- 
taminated Atmospheres by W. 
Binger, R. H. Wagner and R. H. Brown. 


Laboratory Studies on the Pitting of 
Aluminum in Aggressive Waters 7 T. W. 
Wright and Hugh P. Godard a 


The Corrosion Behavior of Aluminum by 
Hugh P, Godard ; ne : 


Aqueous Corrosion of Aluminum—Part 2— 
Methods of Protection Above 200 C by 
J. E. Draley and W. E. Ruther = 


The Effect of Cold Work and Heat Treat- 
ment on the Rate of Dissolution of Pure 
and of Impure Aluminum in Acids and 
Bases by M. E. Straumanis and Y. N. 
Wang .... ai vies 


Cathodic Protection 
and Pipe Lines 


Economic Considerations in Pipe Line 
Corrosion Control by L. G. Sharpe.... 


Mitigation of Corrosion on City Gas Dis- 
tribution Systems by A. D. Simpson, Jr... 


Final Report—Effect of Exposure to Soils 
on the Properties of Asbestos-Cement 
Pipe by Melvin Romanett - teving | A. 
Denison 


Application of Cathodic Protection to 48 
Well Casings and Associated Production 
Facilities at Waskom Field by G. L. 
Doremus, W. W. Mach and J. J, Lawnick 


Corrosion Control Practices for Pipe Type 
Cables on the Detroit Edison heise ” 
W. A. Sinclair 


Potential Criteria for the Cathodic Pro- 
tection of Lead Cable ae sid K. G. 
Compton 


Corrosion Mitigation in a sathinatitein Area 
by M. C. Miller 


Two Cases of Corrosion in Suburban New 
York Disguised as Galvanic—Their Cause 
and Mitigation by W. Searle Woodward 


Testing Wrappings on Cathodically Pro- 
na Submerged Pipe and ee ” 
. Clayton. . 


Probesin Corrosion of Lead Sheathed 
Power Cables in Concrete — by 
R. |, Perry 


as of a as Duct Anodes a Aw & 
Ayres 





Lead Cable Sheath Corrosion Under 
Cathodic Protection Conditions by Walter 
H. Bruckner and Ray M. Wainwright 


Cathodic Protection of an Active Ship 
Using a Trailing Platinum-Clad Electrode 
by Herman S. Preiser and Frank E. Cook 


Combustion and Its 
By-Products 


Corrosion Studies on a Model ney Air 
Preheater by G. G. Thurlow : 


Effects of Contamination by Vanadium and 
Sodium Compounds on the Air-Corrosion 
of Stainless Steel by G. W. eaenaint 
and Anton de S. Brasunas.. 


Attack of Scaling-Resistant Materials by 
Vanadium Pentoxide and Affect of Vari- 
ous Aloying — oe 7 . — 
and J, Schwab.... 


Economics 


The coe of Corrosion to the United States 
by WH. WH. Uflig........ 


Relation of Corrosion to Business Costs ne 
Aaron Wachter . ie 


Inhibitors 


Prevention of Corrosion in al Water 
by R. C. Ulmer and J. W. Wood. . 


Dicyclohexylammonium Nitrite, a Vola- 
tile Corrosion Inhibitor for Corrosion 
Preventive Packaging by A. Wachter, 
T. Skei and N. Stillman 


Effect of Purification of Commercial Sul- 
fonates on the Corrosion Stain Property 
by Harry C. eens Van ae and David 
ootzin pre 


Selection of Rust Inhibitors to Meet Service 
Requirements by Freedman, A. 
Dravnieks, W. B. Hirschmann and R. S. 
Cheney once 


Petroleum Production 


and Storage 


Three Papers on Sulfide Corrosion: A Note 
on the Value of Ammonia Treatment for 
Tank and Casing Annulus Corrosion by 
Hydrogen Sulfide; by Walter F. Rogers; 
Use of Ammonia to Prevent Casing Cor- 
rosion; by H. E. Greenwell, Rado Loncaric 
and Harry G. Byars; Electrochemical Stu- 
dies of the Hydrogen Sulfide Corrosion 
Mechanism; by Scott P. Ewing $1.00 

Naphthenic Acid Corrosion—An Old Enemy 
of the Petroleum Industry ~ Ww A. 
Derungs g .50 


Analysis of Corrosion Pitting by Extreme 
Value Statistics and Its Application » 
Oil Well Tubing Caliper a by ~s 
Eldredge 


Other 


dynamic pres- 
temperature. 


12836 


factors to be considered: 
sures, corrosion, ambient 


—BNF. 





7.4 Heat Exchangers 





7.4.1, 4.2.3 

Preventing Corrosion in Air Preheat- 
ers. A. C. FrrepLAND. Chem. Eng., 63, No. 
9, 218, 220 (1956) Sept. 

Air preheaters were formerly washed 
with a caustic soda solution to protect 
the metal from flue gas corrosion. Dis- 
advantages of this method included 
danger of handling concentrated caustic 


Air Injection for Prevention of Hydrogen 
Penetration of Steel vied W. A. Bonner and 
H. D. Burnham 


Iron in Oil Technique as a Corrosion Control 
Rydell and W. H. 


Criterion by R. G 
Rodewald 


Casing Corrosion in the Petroleum Industry 
by Jack L. Battle 


Miscellaneous 


Causes of Corrosion in Airplanes and 
Methods of Prevention by N. H. Simpson 


Corrosion Control by oaceuiende s Wonderful 
by H. H. Uhlig 


Why Metals Corrode by H. H. Uhlig 


Methods of Preventing Corrosion in Sewer- 
age Systems by Ervin Spindel 


Positive Polarity Grounding of Direct Cur- 
rent Supply Requirements in Mining 
Traction Systems by Sidney A. Gibson 


Steel Surface Properties Affect Internal Cor- 
rosion Performance of Tin Plate Contain- 
ers by A. R. Willey, J. L. Krickl and 
R. R. Hartwell .50 


The aay of Thin Films to Corrosion by 
Thor N. Rhodin........ , .50 


Fundamentals of Liquid Metal Corrosion by 
W. D. Manly.... ‘ 50 


SYMPOSIUM ON CORROSION 
BY HIGH PURITY WATER 


Introduction, John F. Eckel 


Corrosion of Structural Materials, A. H. 
Roebuck, C, R. Breden and S. Greenburg. 


Corrosion 
DePaul. 


Engineering Problems, D. J. 


tonertames of Data to Industrial Applice- 
tion. W. Z. Friend. Per Copy $1.50 
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Oxide Films on Stainless Steels ad Thor N. 
Rhodin 
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1100 Aluminum in Strong Nitric and 
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trations by Robert H. Hay. 


Salt Spray Testing mamaente ws Lorraine 
Voight . 


Electrical Resistance Corrosion Measure- 
ments Employing eee Current by 
W. L. Denman 


Measurement of the Instantaneous Corro- 
sion Rate by Means of Polarization Data 
by R. V. Skold and T. E. Larson. . 
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and precipitation of iron hydroxide by 
reaction of sulfate with alkaline water. 
A 0.2% solution of pickling inhibitor 
was substituted for caustic. Laboratory 
tests showed that loss in weight of steel 
immersed in inhibited drain water is 
97% less than without added inhibitor. 
—INCO. 12797 





7.5 Containers 





7.5.5, 6.2.5, 3.4.8 

The Case of Chloride Ions. M. R. 
Hystop. Metal Progress, 70, No. 5, 90-92 
(1956) Nov. 

Type 304 tank used to hold maleic an- 
hydride suffered from stress corrosion 
cracking when chlorides leached out 
from the insulation due to a steam leak 
and concentrated where water in the 
leachings evaporated. Breaks in tar coat- 
ing also let in rain water contaminated 
by chlorine and sulfur chloride in the 
atmosphere. Recommendations included 
heat treatment to eliminate residual 
stresses from fabrication of tank, paint- 
ing prior to insulation and change in 
tank design. Photomicrograph shows 
branched cracks typical of stress cor- 
rosion.—INCO. 13103 





7.6 Unit Process Equipment 





7.6.4 

Experimental Boiler Plant with Once- 
Through Boiler for Steam Conditions 
up to 4266 psia, 1112 F. K. A. Rakov, 
M. D. PANASENKO and N. V. BULGAKOovA. 
Paper before 5th World Power Conf., 
Vienna, June 17-23, 1956. Combustion, 
28, No. 3, 42-47 (1956) Sept. 

Describes construction, operation and 
investigation of an experimental steam- 
generating plant in USSR. Boiler went 
into operation in 1949 and, up to Sept. 
1955, it had operated 11,250 hours with 
pulverized coal of low volatile content 
and 6250 hours with fuel oil. Heating 
surfaces of convective and radiant su- 
perheaters are made of EJ-257 steel, 
and remaining parts are of chromium- 
molybdenum 15 XM steel. During hy- 
draulic test after 1000 hours cracks were 
discovered in 6 welded copper bosses 
used to mount thermocouples on super- 
heater tubes and 2 cases of steam leak- 
age in welded seams of pipes occurred. 
In 1952 considerable number of minor 
defects occurred in drainage and end 
sections of steam pipes where low tem- 
peratures prevail; this is due to non- 
stabilized EI-257 being subject to inter- 
crystalline corrosion in presence of elec- 
trolytes. Number of cracks occurred in 
welded tubes of EI-257 steel during ex- 
periments in which various salts were 
added to boiler water to study effects 
of salt deposits. Stress corrosion cracks 
were found in butt welds at end of 
radiant and beginning of convective su- 
perheaters and in steam pipes. Results 
of investigations at supercritical pres- 
sures are discussed. Steam fittings are 
of forged austenitic steel EJ-ITC. 
Flanged valve covers of chromium- 
molybdenum-tungsten steel are tightly 
sealed. Soft asbestos gaskets in nickel- 
foil covers were replaced by corrugated 
EJ-IT steel gaskets. Diagram, graphs. 
—INCO. 12911 


7.6.4, 2.3.8 

Design of a Large Coal-Fired Steam 
Generator for 200 F Exit-Gas Tempera- 
ture and Operating Experience with 





ENGINEERS Vol. 2B 


Pilot Plant. W. L. Wrncerr and R | 
STANLEY. Paper before Am. Soc. Mech, 
Eners., Diamond Jubilee Ann, Mtg, 
Chicago, November 13-18, 1955. Trans 
ASME, 78, No. 6, 1393-1401; disc., 140). 
1402 (1956) August. 

Discussion of studies leading to de. 
cision to design River Rouge No, 3 
steam generator for an exit-gas tem- 
perature approaching 200 F. Design fea- 
tures of unit are described and predicted 
performance is given. Preliminary fe. 
sults of a pilot plant which has been in 
service since late in Feb. 1955, with op- 
erating conditions in range of the pre- 
dicted No. 3 are discussed. Materials 
tested for corrosion were Types 302 
316, 430 and 502. Table showing weight 
loss of materials tested after 25 days’ 
service includes stainless steels. Illus- 


trations.—INCO. 13070 


7.6.5, 6.3.10, 4.3.6 

The Corrosion Problem in Evapora- 
tors: The Corrosion of Nickel by 
Caustic Alkalis. P. A. Hempoup. Corro- 
sion et Anti-Corrosion, 4, 271-275 (1956): 
abstract: Corrosion Technology, 3, No, 
11, 384 (1956) Nov. 

Discussion of factors affecting cor- 
rosion of nickel by caustic soda solution 
with particular reference to International 
Nickel Co. data. Notes on effects of 
temperature, concentration, surface oxi- 
dation of nickel and impurities in nickel 
are given. Mechanism of corrosion and 
prevention by cathodic protection are 
described.—INCO. 13064 


7.6.6 

Digester Repair to Abate Corrosion. 
E. W. Hopper and J. B. Morrison. Paper 
before Am. Pulp and Paper Inst., 4lst 
Ann. Mtg., New York, February 21-23, 
1956. Tappi, 39, No. 11, 793-797 (1956) 
Nov. 

Discussion of advantages and disad- 
vantages of all methods of repair of 
digesters including stainless and Inconel 
weld overlay and linings, carbon steel 
deposits and linings, stainless spray 
metallizing, nickel and chromium plat- 
ing and cathodic protection. Inconel lin- 
ings give excellent resistance to corro- 
sive attack of kraft cooking liquors. 
Carbon steel and stainless steel weld 
deposits are used as covers or sealing 


passes for rivets in digesters.—I NCO. 
12827 


7.6.6, 2.2.3, 4.3.6 

Long Term Corrosion Tests. R. Haas. 
Das Papier, 10, 238-243 (1956); abstract: 
Paper Ind., 38, No. 5, 433 (1956) August. 

Metal test plates were covered with 
a high grade stainless steel, hung into 
various operating sulfite digesters and 
subjected to effects of about 1000 sulfite 
cooks over a 5-year period. High re- 
sistance was shown by the test spect 
mens despite the fact that the steel was 
low in molybdenum. Pitting resulted 
when the liquor contained hydrochloric 
acid. When test specimen was immersed 
in liquor during the cook, it was moreé 


drastically attacked than when  sus- 
pended in vapor above the liquor.— 
INCO. 12788 
7.6.7, 8.5.3, 7.8 


Metal Filter Cloth: Ideas Exchange 
Column. J. L. Somervitte and M. G 
Fontana. Ind. and Eng. Chem., 48, No. 8, 
71A-72A (1956) Aug. ; 

Discussion of corrosion of 18-8 wire 
cloth on drum washers which are used 
for filtering and washing groundwood 
pulp to remove acid and residues o 
zinc hydrosulphite. Corrosion cause 


August, 
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Curtiss-Wright’s Metals Process- 
ing Division today offers your in- 
dustry precision castings of criti- 
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sions. For example, in the large 
casting shown, tolerance is +.030 
over 36” diameter. From its mod- 
ern, completely equipped foundry 
in Buffalo, the Division supplies 
heat, corrosion and abrasion re- 
sistant castings from a full range 
of special-property alloys, includ- 
ing ductile iron... by sand, centrif- 


QUALITY 






ugal, ceramic or shell processes. 

Precision alloying techniques, 
modern melting controls with 
spectrometer testing, X-ray con- 
trol by experienced radiographers 
— all add up to castings with su- 
perior physical and mechanical 
properties . . . mean better and 
more dependable products for the 
critical needs of industry. Quali- 
fied design engineering assistance 
is a part of the comprehensive 
Metals Processing Division serv- 
ice. Write for details. 


86 Grider St. 


METALS PROCESSING 


NERY Le). 


CURTISS-WRIGHT « 


CORPORATION * BUFFALO, N. Y. 





Metals Processing Division Branch Offices: New York * Houston ° Los Angeles 


171a 








156 


failure of wire cloth made from 18-8 and 
18-8-molybdenum steels. Materials that 
might be used successfully for sulfuric 
acid handling include Alloy 20, Inconel, 
Monel, Hastelloy C and stainless steel 
with a molybdenum content as high as 
4%.—INCO. 13094 








7.7 Electrical— 
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id 

Studies on Corrosion of Communica- 
tion Cable Lead Sheath by Manhole 
Water. Y. YamMacucul, H. Mriyamoro, M. 
KusAMA and T. SHIMOZAKI. Corrosion 
Engineering, 5, No. 6, 302-306 (1956) 
Dec. 

Greater part of corrosion of communi- 
cation cable in underground city duct 
is caused by leakage current from the 
track of electric railway. However, it 


TECHNICAL 
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T-5B-2 Effect of Sulfide Scales on Catalytic 
Reforming and Cracking Units. Part 
1—Metallographic Examination of Samples 
From a Catalytic Reforming Unit. Part 2— 
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as a Result of Hydrolysis of Iron Sulfide 
Scale. A Contribution to the Work of NACE 
Task Group T-5B-2 on Sulfide Corrosion at 
High Pressures and Temperatures in the 
Petroleum Industry. Per Copy $.50. 


1-5B-2 Collection and Correlation of High 

Temperature Hydrogen Sulfide Cor- 
rosion Data—A Contribution to the Work of 
NACE Task Group T-5B-2 on Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry: From M. W. Kellogg 
Co., New York by G. Sorell and W. B. Hoyt. 
Pub. 56-7. Per Copy $1.50. 


T-5B-2 High Temperature Hydrogen Sulfide 

Corrosion in Thermofor Catalytic 
Reformers—A Contribution to the Work of 
NACE Task Group T-5B-2 on Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry: From Socony Mobil 
Oil Co., Inc., Res. & Dev. Lab., Paulsboro, 
N. J. by E. B. Backensto, R. D. Drew, R. W. 
Manuel and J. W. Sjoberg. Pub. 56-8. Per 
Copy $1.00. 


T-5B-2 Effect of Hot Hydrogen Sulfide En- 

vironments on Various Metals—A 
Contribution to the Work of NACE Task 
Group T-5B-2 on Sulfide Corrosion at High 
Temperatures and Pressures in the Petroleum 
Industry: From Sinclair Res. Lab. Inc., Harvey, 
il. Pub. 57-2, Per Copy $.50. 


T-5B-2 High Temperature Sulfide Corrosion 

in Catalytic Reforming of Light 
Naphthas—A Contribution to the Work of 
NACE Task Group T-5B-2 on Sulfide Corro- 
sion at High Temperatures and Pressures in 
the Petroleum Industry: From Humble Oil & 
Ref. Co., Baytown, Texas. Pub. 57-3. Per 
Copy $.50. 
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seemed that the nature and constituents 
in manhole water also affect corrosion 


of lead sheath. To obtain relation be- 
tween constituents of water and cor- 
rosion and information for corrosion 


control, some laboratory and field tests 
were performed. Results obtained show 
that weight losses of test pieces were 
mainly affected by the lead sheath po- 
tential to earth. It is known that chlo- 
ride, alkali and various other constitu- 
ents of manhole water affect corrosion. 
Cathodic corrosion may be considered 
as far less important than anodic cor- 
rosion, For corrosion prevention cathodic 
protection is most effective in these 
cases.—J SPS. 13083 


qed 

The Corrosion of Underground Cable 
Sheath Caused by a Large-Scale Cor- 
rosion Cell Formed on the Surface. G. 
Oxamorto, T. Morozumr and M. NaGa- 
YAMA. Corrosion Engineering, 5, No. 4, 
185-187 (1956) August. 

Distribution of potential on the sur- 
face of the earth was determined with 
two non-polarizable copper/copper sul- 
fate searching electrodes and a valve- 
potentiometer to investigate the cause 
of corrosion of lead cable sheath at 
Shibetzu in Hokkaido. 

From the equi-potential map obtained 
in this manner, it was deduced that the 
corrosion in this case resulted from the 
flow of electric current through a large- 
scale corrosion cell formed on the sur- 
face of the cable sheath. 

The main cause of this cell formation 
may be attributed to the local differences 
in the nature of soil where the cable is 
buried.—J SPS. 12873 


Pe 

Selecting Materials for Electrical Con- 
tacts: Materials and Methods Manual No. 
130. V. G. Mooranran. Materials & Meth- 
ods, 44, No. 3, 121-140 (1956) Sept. 

Analysis in four steps for choice of 
best material for given application: 
evaluation of operating conditions; eval- 
uation of life and reliability require- 
ments (contact resistance, arc erosion, 
material transfer, sticking of contacts, 
etc., table of minimum arcing voltage 
and amperage for common contact ma- 
terials); selection of basic contact ma- 
terial (silver and alloys, platinum and 
alloys, tungsten and molybdenum, sin- 
tered metal powders) with table of ad- 
vantages, disadvantages and typical 
applications; determination of contact 
design (size, shape and style, gap and 
opening speed, contact force, method of 
operation, methods of assembly, back- 
ing material).—BNF. 12825 


ists 

The Protection of Cable Sheathing: 
The Protection of Buried Power Cables 
Against Corrosion. J. H. Gospen. Paper 
before Soc. Chem. Ind., Corrosion 
Group, Symp. on Protection of Cable 
Sheathing, London, November 18, 1955. 
Chemistry & Industry, No. 40, 1069-1076 
(1956) October 13; discussion: ibid., No. 
42, 1196-1213 (1956) October 27. 

Discussion of conditions causing cor- 
rosion of cables and prevention by serv- 
ings and cathodic protection. Where 
armored cable is used corrosion is low. 
Bituminized paper and hessian servings 
give adequate protection to lead sheaths 
in normal soil conditions but are inef- 
fective against stray currents. Improved 
servings and cathodic protection may 
be used where laying conditions or type 
of cable call for a greater degree of pro- 
tection. Diagrams.—INCO. 12792 
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dake 

Relay Contact Protection. R. H. Guy- 
LEY. Bell Telephone Labs. Bel! Labs, Ro¢- 
ord, 34, No. 9, 350-354 (1956) Sept. 

Relay contacts that make and break 
current through magnets or other re- 
lays are subject to electrical erosion re- 
sulting from sparking and arcing as con. 
tacts open or close. Contact protection 
consisting of a capacitor in series with 
a resistor is described. Contacts are of 
palladium or silver except for those with 
a gold overlay on palladium used on 
wire-spring family of relays. Graphs, 
photos.—INCO. 12790 


7.7, 6.3.8, 4.4.3 

The Protection of Cable Sheathing: 
The “Phenol Corrosion” of Lead. E. |, 
Cotes. Paper before Soc. Chem. Ind., Cor- 
rosion Group, Symp. on Protection of 
Cable Sheathing, London, Novy. 18, 1955, 
Chemistry & Industry, No. 39, 1030-1035 
(1956) October 6. 

“Phenol corrosion” of lead occurs on 
cables which have coal-tar impregnants 
present in their servings. Corrosion 
takes the form of severe pitting, usually 
with intercrystalline attack and corrosion 
product consists mainly of carbonate 
and basic carbonate of lead. Phenols 
have been found present in most cases 
in amounts varying from minute traces 
to several %, with no marked accelera- 
tion in attack. Tests of action of phenol 
on lead show that dry phenols are ex- 
tremely corrosive to lead at reflux tem- 
perature, concentrated mixtures of phe- 
nol in water and water in phenol are 
very corrosive, solutions of phenol in 
water up to 6% are less corrosive than 
distilled or salt water, and phenol in 
dilute solutions and as vapor at room 
temperature acts as inhibitor to lead 
corrosion. Low molecular weight ali- 
phatic acids found present in corroded 
cable servings may explain intercrystal- 
line attack. Factors leading to corrosion 
associated with coal tar impregnants are 
water in textiles, microbiological de- 
composition of textiles forming organic 
acids, intimate contact between textiles 
and lead and conditions such that loss 
of acid by evaporation or solution 1s 
low. 36 references.—INCO. 13000 





7.8 Wires and Cables— 
Non-Electrical 





7.8, 7.6.7 } 

Increased Life from Nickel and Tin- 
Covered Fourdrinier Wires. E. H. 
Suriver, G. B. Krno and A. G. Hose 
Paper before Am. Pulp and Paper Inst. 
41st. Ann. Mtg., N. Y., February 20-23, 
1956. Tappi, 39, No. 9, 618-625 (1956) 
Sept. 

Severe fourdrinier wire corrosion and 
short wire life in mill making corrugat- 
ing medium prompted complete study 
of effect of white water variables on 
corrosion rate and specific method 0! 
reducing corrosion. Corrosion of phos- 
phor-bronze and all-bronze wires is func- 
tion of white water dissolved solids. 
The pH level affected phosphor-bronze 
but not the all-bronze. Severe attack on 
bronze warp wire of phosphor-bronze 
wires was noted. Nickel-plated wire cor- 
rosion occurred at top and bottom warp 
knuckles where plating was abraded. 
Nickel-plated wires were inferior to 
bronze-type wires below pH 6.3 and 
superior above. Unsuccessful attempts 
to reduce corrosion to satisfactory level 
included: Reduction of white water 
solids, increase in pH, use of cathodic 
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protection and use of corrosion inhibitor 
‘Armour PR-105). Use of nickel-plated 
and tin-plated wires increased wire life 
79-200% in mills using neutral sulphite. 
Tables, graphs, photographs.—INCO. 

12967 
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7.10, 5.2.1, 1.2.2 

Cathodic Protection Pays Its Way for 
Marine Structures. Consulting Engr., 8, 
No. 4, 114, 116 (1956) Oct. 

In an investigation made by Hinch- 
man Corp. on a wharf less than seven 
years after its construction, the steel had 
corroded away to such an extent that 
extra steel specified to allow for cor- 
rosion deterioration was substantially 
gone and load design stresses were be- 
ing approached, Results of tests indi- 
cated that, although pier was built for a 
50-vear life span, its useful life would 
be only about 15 years. Economics in- 
volved in using cathodic protection on 
this $4 million structure are tabulated. 
—INCO. 13026 


7.10, 8.7.2 

Plant Instruments in Corrosive At- 
mospheres: Their Design, Siting and 
Maintenance. L. WALTER. Corrosion Tech- 
nology, 3, No. 7, 221-225 (1956) July. 

Modern industrial instruments are 
often placed in corrosive atmospheres, 
leading to deterioration of inner and 
outer parts. Questions of instrument 
design and panel design are discussed, 
importance of correct installation and 
maintenance is emphasized and some 
examples of avoidable corrosion are 
given. High-resistance corrosion films 
on contacts of heater elements in elec- 
tronic instruments were attributed to 
ozone produced in interaction of silent 
electrical discharge with oxygen in air. 
Thin rhodium film on top of nickel plat- 
ing solves problem. Experience in de- 
sign of aircraft instruments has influ- 
enced choice of materials for plant in- 
struments. Parts of instrument case in 
contact with corrosive fumes can be 
protected by surface coatings (stove 
enamel finish on die-cast aluminum). 
Internal corrosion may be caused by 
corrosive atmosphere entering instru- 
ment casing and by leakage of measured 
fluid (mineral oil, aggressive steam, 
acids, etc.). Maintenance by air-purging 
is considered. Wiring of electric and 
electronic instruments uses polythylene- 








coated cables—INCO. 13115 
8. INDUSTRIES 

8.2 Group 2 

a a 
8.2.2 


How the Main Piping was Designed 
for TVA’s Gallatin Steam Plant. R. E. 
Lyon. Heating, Piping, Air Conditioning, 
28, No. 9, 96-99 (1956) Sept. 

_ Describes materials and design con- 
siderations for principal piping for Gal- 
latin steam plant (designed for 2000 psig 
and 1050 F). Main steam piping is low 
alloy 214 chromium-1 molybdenum steel, 
reheat steam piping is 2% chromium 
steel and low temperature return steam 
Ines from turbine to reheater inlet are 
carbon steel. All piping between con- 
denser hot-well and boiler feedwater 
pump section is Schedule 40 seamless 
steel and between feedwater pump and 
Steam generators, it is Schedule 160 
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Fight corrosion 
and save money 


with USS AMERICAN 
Pipe Coupling Shunts — 


They’re prefabricated, and curved to 
fit the pipe! USS American Pipe 
Coupling Shunts are designed espe- 
cially for easy application on me- 
chanical pipe couplings. They save 
the time and labor of fabricating 
home-made shunts, are easier to in- 
stall, and do a better job. 

Terminals and secondary conduc- 
tors are steel. Main conductor is 
heavy copper bar. Conductors are 
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welded permanently to the pipe and 
coupling to keep entire assembly at 
same potential. 

Write for information about ca- 
thodic protection devices manufac- 
tured by American Steel & Wire. 
These include pipe coupling shunts; 
anode connectors; suspended anode 
connectors for piers, dry docks, 
ships; and coupon connectors for 
connecting leads to pipe. 


AMERICAN STEEL & WIRE 


DIVISION, UNITED STATES STEEL 


GENERAL OFFICES: CLEVELAND, OHIO 


COLUMBIA-GENEVA STEEL DIVISION, SAN FRANCISCO, PACIFIC COAST DISTRIBUTORS 
TENNESSEE COAL & IRON DIVISION, FAIRFIELD, ALA., SOUTHERN DISTRIBUTORS 





UNITED STATES STEEL EXPORT COMPANY, NEW YORK 


USS AMERICAN PIPE COUPLING SHUNTS 


UNITED STATES STEEL 
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seamless steel. All valves are cast steel 
body with stainless steel trim. Extrac- 
tion piping is of carbon steel and 1% 
chromium-% molybdenum steel, de- 
pending on temperature. Drains, vents 
and blowdown are described. Diaphragm 
control valves for controlling heater 
flows are 4-6 chromium steel body with 
stainless steel seats. Diagrams.—I NCO. 

12849 





8.3 Group 3 


8.3.1 

Corrosion in Agricultural Sprayers. 
R. J. CoursHee. Corrosion Technology, 3, 
No. 9, 287-288 (1956) Sept. 

A short account of preventive meas- 
ures which are being taken. Actual dam- 
age in agricultural sprayers takes two 
major forms: destruction of thin-walled 
tank and abrasion and loss of perform- 
ance of nozzles and pump. Galvanizing 
of spray tanks is successful against only 
small number of spray chemicals used, 
and neoprene or synthetic resin coatings 
are susceptible to mechanical damage. 
Illustration shows an airblast nozzle, to 
replace hydraulic nozzle, which is virtu- 
ally proof of blocking by corrosion 
scale. Hydraulic nozzles may be made 
of beryllium-copper, ceramic or hard 
stainless steel. Resin-bonded glass fibre 





TECHNICAL 
REPORTS 
on 


GENERAL CORROSION 
PROBLEMS 


Some Corrosion Inhibitors—A Refer- 
ence List. A Report of T-3A on 
Inhibitors. Publication 55-3. Per 


T-3A 


Corrosion 

Copy $.50. 
T-3B Bibliographies of Corrosion Products. 
Section One—A Report by NACE 
Technical Unit Committee T-3B on Corrosion 
Products. Publication No. 57-5. Per Copy 


$1.00. 
T-3E Tentative Procedures for Preparing 
Tank Car Interiors for Lining. 
Report by NACE Task Group T-3E-1 on Cor- 
rosion Control of Railroad Tank Cars. Per 
Copy $.50. 
T-3H Some Consideration in the Econom- 
ics of Tanker Corrosion. A contri- 
bution to the work of Technical Committee 
T-3H on Tanker Cerrosion by C. P. Dillon. 
Per Copy $.50. 
T-3F Symposium on Corrosion By High 
Purity Water: Introduction to Sym- 
posium on Corrosion by High Purity Water, 
by John F. Eckel: Corrosion of Structural 
Materials in High Purity Water, by A. H. 
Roebuck, C. R. Breden and S. Greenberg; 
Corrosion Engineering Problems in High Pur- 
ity Water, by D. J. DePaul: The Importance 
of High Purity Water Data to Industrial Ap- 
plication, by W. Z. Friend. A Symposium 
sponsored by NACE Technical Unit Commit- 
tee T-3F on Corrosion by High Purity Water. 
Per Copy $1.50. 


Remittances must accompany all orders for lit- 
erature the aggregate cost of which is less than 
$5. Orders of value greater than $5 will be in- 
voiced if requested. Send orders to National 
Association of Corrosion Engineers, 1061 M & M 
Bldg., Houston, Texas. Add 65c per package to 
the prices given above for Book Post Registry to 
all addresses outside the United States, Canada 
and Mexico. 


NATIONAL ASSOCIATION 
OF CORROSION ENGINEERS 
1061 M & M Bldg. 


Houston 2, Texas 
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is used for boom and tanks. Stainless 
tanks are not popular due to high cost 
and dependency on oxide layer for pro- 
tection. Other parts are of ceramic, 


nylon and PVC.—INCO. 13011 


8.3.3 

The Dairy Plant Manufacturer’s View 
of Corrosion Problems. G. H. BorHam. 
Paper before Soc. Chem. Ind., London, 
February 22, 1956. Chemistry & Industry, 
No. 42, 1165-1169 (1956) Oct. 27. 

Stainless steel is almost the only ma- 
terial used in dairy plant equipment. 
Discussion of effect of cleaning solu- 
tions on 18-8 is given. Table shows that 
inhibited hydrochloric acid causes pit- 
ting of 18-8 at higher temperatures. 
Plant experience shows that corrosion 
of stainless steel by milk is almost non- 
existent. Laboratory results reveal that 
pitting corrosion may occur from action 
of hot milk or from strongly adherent 
mild scale particularly where acid was 
used and was not completely effective 
in scale removal. Discussion of fabrica- 
tion effects on corrosion of stainless 
equipment is given. Tables show influ- 
ence of carbon content and gauge on 
intergranular corrosion and influence of 
surface finish on corrosion of 18-8. Graph. 
—INCO. 13025 


8.3.4 

Corrosion in the Brewery. Part IV. 
The Maltings. D. H. Epmonps. Corrosion 
Prevention & Control, 3, No. 10, 27-30 
(1956) Oct. 

Corrosive environment in pneumatic 
maltings is caused by maintenance of 
very humid atmosphere at stable tem- 
perature of 60-65 F. Presence of carbon 
dioxide accelerates rusting and aggra- 
vates damage caused by moist atmos- 
phere to concrete and paint films. Various 
iron and steel surfaces are coated with 
zine-rich or cold-galvanizing paints with 
or without finishing coat of chlorinated 
rubber paint. Epoxy resin coatings are 
used on steelwork of kilns to resist com- 
bined attack by heat, moisture and com- 
bustion products. Conical steel steep 
cisterns are coated with chlorinated 
rubber paints. Application of tannic acid 
to walls of germinating and barley-sweat- 
ing drums is usual treatment; recent in- 
stallations using plastic-based paints are 
giving good results—INCO. 13009 





8.4 Group 4 


8.4.3 

Building a Catalytic Reformer? J. J. 
Hur, J. K. DEICHLER AND G, R. WorrRELL. 
Paper before Am. Soc. Mech. Engrs., 
Petrol-Mech. Eng. Conf., Dallas, Sept. 
24-26, 1956. Oil Gas J., 54, No. 78, 103- 
107 (1956) Oct. 29. 

Outline for selection of materials to 
be used in catalytic reforming based on 
precluding hydrogen attack and provid- 
ing resistance to hydrogen sulfide cor- 
rosion. Stainless steel sleeve was installed 
over internal insulation to prevent process 
gases from bypassing catalyst. Alloy steel 
used for fabrication of transfer lines and 
hot end of feed effluent exchanger contains 
minimum of 1% chromium with %% 
molybdenum. Corrosion tests in the hy- 
drogen sulfide system on 12% chromium 
steel, 18-8 and aluminum-coated steel 
revealed that 18-8 and aluminum coated 
steels had excellent resistance at all 
hydrogen sulfide concentrations. Heat 
exchanger tubes to operate at 500 F and 
above may be of low-chromium alloys 
provided hydrogen sulfide content of 
process gas will not exceed 0.015 vol- 
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ume %; above that concentration of 
hydrogen sulfide 18-8 tubes should be 
used. Micrographs, photos, graphs, ref. 


erences.—INCO. 1180} 


8.4.3, 4.6.1 

How Sun Oil Licked Its Water Prob. 
lem. H. F. Evxin. Sun Oil Co., Paper 
before Am. Petroleum Inst., Montreal 
May 14-17, 1956. Oil Gas J., 54, No. 56 
118-120 (1956) May 28. 

The water-supply and waste-disposal 
system provides for comprehensive pol- 
lution control of all plant waste waters, 
reclamation of spent waters for reuse 
within the refinery with minimum pre- 
treatment and a virtually unlimited wa- 
ter supply for emergency fire protection. 
A flue-gas stripping tower for removal 
of sulfides in the process waters to be 
reused was installed. Sulfides interfered 
with biological activity and caused cor- 
rosion in the cooling systems. Corrosion 
rates in steel tubular equipment with 
reuse water remained at the same low 
levels as with formerly used city water, 
Measured corrosion rates in brass tubu- 
lars increased somewhat with reuse wa- 
ter but have remained at similar low 
levels. Table summarizes corrosion-rate 
data developed during initial operation. 
Illustrations —INCO. 13007 


8.4.3, 5.3.2 

Longer Service Life Through Hard 
Surfacing for Petroleum Industry Equip- 
ment. H. S. Gonser. Paper before Am. 
Welding Soc., National Fall Mtg., Cleve- 
land, October 8-12, 1956. Welding J., 35, 
No. 9, 890-894 (1956) Sept. 

Protection of oil industry equipment 
from abrasion, corrosion, impact and 
galling, by use of hard-surfacing. Labo- 
ratory tests on pump plungers in syn- 
thetic brine showed that hard-surfaced 
mild steel plunger showed no serious wear 
after 76 days whereas Type 410 plunger 
lasted 13 days and AISI 4150 flame 
hardened lasted but two days. Hard- 
surfacing alloy was nickel-base material 
containing chromium borides. Other ex- 
amples include compressor rods, pump 
plungers in dilute hydrochloric acid 
service, oxidizing pump plunger han- 
dling mixture of special sand and dilute 
hydrochloric acid, reactor grid inserts 
or baffles in catalytic cracking units, 
plugline valves and catalyst slide valve 
components and_ sucker-rod coupling 
joints. In deep well pumping units, ball 
check valve seat cast of nickel-chromium- 
boron outlasted three chromium-cobalt- 
tungsten castings——INCO. 12805 


8.4.3, 5.8.3 i 

Chemistry of Inhibitor Sweetening. 
R. H. Ros—enwa.p. Universal Oil Products 
Co. Petroleum Processing, 11, No. 10, 
91-95 (1956) Oct. 


Discussion of inhibitor sweetening 
process for gasoline treatment. Experi- 
ments are given with three olefins. Data 
describe properties of anti-oxidant that 
initiates mercaptan consumption, reac: 
tions by which oxygen is brought into 
oxidation cycle and effects of variation 
in nature of mercaptan, caustic and 
olefin. There is a definite pattern com- 
sisting of a two step sequence by which 
mercaptans are rapidly and_ cleanly 
consumed to give true inhibitor sweet- 
ening.—INCO. 12955 


8.4.5 
Peroxide Decomposition in Aqueous 
Homogeneous Reactor Fuels. N. D. Stl 
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COMPLETELY JACKETED ALOYCO VALVES 


Aloyco Jacketed Valves are the surest way 
to keep slow moving corrosives flowing be- 
cause they maintain higher temperatures 
than valves heated by other methods. 
Jacketed valves are made in a variety 
of sizes and pressures and are furnished 
with convenient inlet and outlet holes for 
heating with steam or other media. They 
are available in 18 8S, 18 8SMO, Aloyco 
20 and other analyses to specification. 
The broad Aloyco Valve line includes 
Jacketed Gate (above) Globe and Check 


Valves, the first Jacketed Valves ever in- 
tegrally cast in high alloys. One more in- 
dication of Aloyco’s leadership in pattern 
making, foundry techniques and engineer- 
ing skills. Long experience in these areas 
has made Aloyco the world’s foremost 
specialist in Stainless Steel Valves. 

Ask Aloyco’s Corrosion Engineering 
Service to work with you on your valve 
problems. Alloy Steel Products Company, 
1304 West Elizabeth Avenue, Linden, 
New Jersey. 7.12 


ALLOY STEEL PRODUCTS COMPANY 











Longer Lasting 
ALOYCO 


VALVES 
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VERMAN, G. M. Watson AND H. F. Mc- 
Durriz. Oak Ridge Nat'l. Lab. Ind. and 
Eng. Chem., 48, No. 8, 1238-1241 (1956) 
August. 

Rate of decomposition of hydrogen 
peroxide in aqueous solution depends 
on temperature, concentration and trace 
impurities. Kinetic study of the decom- 
position of hydrogen peroxide in uranyl 
sulfate solution is described. Small 
amounts of corrosion products, iron, 
nickel and chromium formed by the ac- 
tion of uranyl sulfate solution on Type 
347 at elevated temperatures and meas- 
urable quantities of fission products 
were present in the reactor. Investiga- 
tion of effect of corrosion and fission 
products on rate of decomposition of 
peroxide is described. Tables, graphs, 11 
references.—INCO. 13050 


8.4.5 

Radiation Damage in Ionic Solids. 
J. H. O. Vartey. Paper before Sympo- 
sium on Radiation Damage to Metals, 
Metal Physics Committee, Inst. Metals, 
Buxton, Eng., Sept. 22, 1955. Bull. Inst. 
Metals, 3, Pt. 12, 103-105 (1956) August. 

Corrosion behavior of metals under 
irradiation necessitates background knowl- 
edge of effects of radiation on ionic ma- 
terials; corrosion mechanism involves 
transport of electrons and ions through 
crystal lattice of corrosion product and 
surface oxide layers. Radiation will alter 
resistance of given metal towards oxida- 


176a 


tion and corrosion as a result of physical 
changes in protective film. Dominant 
factor in determining extent of change 
in film properties is efficiency with which 
ions are displaced by radiation. Mech- 
anism of displacement of ions in ionic 
lattices is explained—INCO. 13051 


8.4.5 

Coolant Technology of a Pressurized 
Water Nuclear Power Plant. I. H. WEL- 
INSKY, P. CoHEN AND J. H. SEAMON. Pa- 
per before Am. Power Conf., 18th Ann. 
Mtg., Chicago, March 21-23, 1956. Chem. 
Eng. Progress, 52, No. 9, 388-393 (1956) 
September. 

Two-year review of operating experi- 
ence at National Reactor Testing Station 
in Idaho. Materials of construction are 


predominantly Type 347 and_ special 
stainless steels. Insoluble corrosion 
products consist of mixed oxides of 


iron, chromium and nickel, identical in 
structure with magnetite and exhibiting 
similar properties, including magnetic 
susceptibility. Closed stainless steel loop 
was used to test behavior of zirconium- 
clad fuel element under actual fuel per- 
formance conditions. Zirconium-clad ele- 
ment and a= similar nonfunctioning 
element were placed in sections of loop 
and after several months of continuous 
operation, neither showed corrosion of 
zirconium. Surfaces of functioning ele- 
ment were coated with copious amounts 
of stainless steel corrosion products 
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called “crud” while nonfunctioning ele- 
ment was comparatively clean. Hydro. 
gen was added to water as a possible 
means of inhibiting corrosion and high 
pH water was tested as a means of 
minimizing liberation of corrosion prod- 
ucts to water. Graphs, tables, diagrams 


—INCO, 13053 
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8.8 Group 8 
<cinaeineimniithananipmamninsimmeseeniilial 
8.8.1 


Install Rubber, Plastic Linings jp 
New Fertilizer Plant’s Piping to Resist 
Abrasion and Corrosion. T. H. Mastry 
Jr. LaFavorite Rubber Mfg. Co. Heating, 
Piping, Air Conditioning, 28, No. 8, 96-96 
(1956) Aug. 

New fertilizer plant which produces, 
as intermediate products, phosphoric 
acid and finely divided gypsum depends 
on protective rubber and plastic linings 
to withstand “chewing” which results 
from rapid flow through piping. Rubber 
is used in the 5000 to 8000 ft. of larger 
piping and in pumps and process equip- 
ment. Plastic is used in smaller lines, 
Launders, in which high acid concen- 
tration is used, are lined with lead or 
lead and brick.—INCO. 12848 


8.8.1, 4.3.2 


Symposium on Manufacture of Nitric 
Acid. Chem. Weekblad, 52, 61-87 (1956); 
abstract: J. Applied Chem., 6, Pt. 6, i-806 
(1956) June. 

Papers include: Nitric Acid Factories 
of Dutch State Mines, J. R. Jansen; 
Corrosion Problems in Nitric Acid 
Manufacture, H. G. Zelders; Theoretical 
Aspects of Manufacture of Nitric Acid 
from Ammonia, P. J. Hoftijzer; Special 
Methods for Manufacture of Nitric 
Acid, L. J. Revallier; Catalytic Oxida- 
tion of Nitric Oxide, C. Bokhoven and 
P, Zwietering. 

Kachkaroff-Matignon process and ex- 
perimental Wisconsin process are dis- 
cussed as methods for manufacture of 


nitric acid —INCO. 130228 





8.9 Group 9 





8.9.1, 4.4.1, 4.3.1 


Liquid Propellant Handling, Transfer 
and Storage. P. M. Tertizzr anp H. 
Srrem. U. S. Naval Air Rocket Test 
Station. Ind. & Eng. Chem., 48, No. 4, 
774-777 (1956) April. 

Discussion of some phases of liquid 
propellant handling, transfer and _ stor- 
age problems includes quality control, 
transfer operations, disposal and decon- 
tamination and materials of construcion. 
Characteristics of propellants, fuming 
nitric acids, chlorine trifluoride, ethylene 
oxide, nitromethane, hydrazines and hy- 
drogen peroxide are discussed. 188 
stainless steel, nickel and Monel are 
preferred for handling chlorine trifluor- 
ide. Stainless steel and aluminum are 
predominantly employed in liquid pro 
pellant handling because of their excel- 
lent corrosion resistance. Studies show 
that for short term storage of highly 
corrosive nitric acid oxidizers, plastics 
can be used in a variety of forms as 4 
barrier between the corrosive propel 
lant and the metal backing. Ceramic 
coating (enamel) on metals used extet- 
sively in industrial chemical process 
work is generally satisfactory in long 
term storage if imperfections such 4s 
pin holes can be eliminated. Diagrams.— 

13089 
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HASTELLOY Alloy 
: LASTS 3 TIMES LONGER 
— | in Titanium Slurry 


Special 
Nitric 
Oxida- 
oa Feed screws made of HASTELLOY alloy B last from 5 to 
6 years while moving titanium slurry into kilns. This is 
three times longer than the service life of feed screws 
made of other alloys and used under the same severely 
corrosive conditions. 

Handling titanium slurry is just another example of 
the many uses of HAYNES corrosion-re- 
sistant alloys. These rickel-base mate- 
rials also have unusual resistance to the 
hot mineral acids, strongly oxidizing 
salts, and powerful gaseous oxidants. 
For full details, write for descriptive 
literature. Address Haynes Stellite Com- 
pany, Division of Union Carbide Corp- 
oration, General Offices and Works, 
Kokomo, Indiana. 
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excel- Metalworking’s corrosion problems. This pick- « AYNE s Ss T gE L LITE Cc o M PA N Vv 
Division of Union Carbide Corporation 
Kokomo, Indiana 
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ACP ANNOUNCES A NEW CHEMICAL PROCESS 
that develops an excellent zinc phosphate coating 
on mill passivated galvanized stock 


ACP research and development has solved another 
perplexing problem for its customers in the gal- 
vanizing industry—the formation of a good zinc 
phosphate coating on mill passivated galvanized 
stock. It offers excellent paint bonding charac- 
teristics. The treatment is performed in a 5-stage 


power spray washer or dip line normally used for 
coating nonpassivated stock. 


If you are having trouble getting a good zinc phos- 
phate coating on your galvanized stock, consult us. 
We'll be glad to send you descriptive literature or 
have a technical representative call. 


AMERICAN CHEMICAL PAINT COMPANY, Ambler 40, Pa. 


DETROIT, MICH. ° ST. JOSEPH, MO. . 


NILES, CALIF. * WINDSOR, ONT. PROCESSES 





New Chemical Horizons for Industry and Agriculture 


} 


Augut. 
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from corrosive contact of hot, sour crude 
oil and salt water ballast, the Niphos-coated heating 


coils of National Bulk Carrier’s newest tanker promises 


eM ehimleoiela mci Ce AT led 


The new. Niphos Process, exclusive with Tube Reducing, 
makes any ferrous metal as corrosion-resistant as high-priced 
stainless for many applications. Applied on any shape — 
fused and alloyed in place by heat treating — Niphos-clad 


A 
metal can outlast untreated ferrous as much as 10 to 1! 


Write or call today for complete details, 
microphotographs and application possibilities. 


UBE REDUCING CORPORATION 
: WALLINGTON + NEW JERSEY 


New Jersey Tel: PRescott 7-3700 e New York City Tel: CH 4-0877 
Subsidiary of American Metal Products, Detroit, Michigan 









Paint protection against rapid 
















corrosion inside your pipelines! 


In-place coating with Humble’s epoxy internal pipe coatings 
gives you proven protection against rapid corrosion in sour crude oil, salt 
water and natural gas lines. These durable coatings can be applied in a 
single application to pipelines in the ground. In addition to giving lasting 
resistance to sour crudes and brine, Humble epoxy internal pipe coatings 
give a smooth, glossy finish that cuts down paraffin deposition. 

Humble internal pipe coatings are also available in vinyl and 
phenolic formulations. 

For more information on Humble’s complete line of protective 
coatings, see your nearest Humble wholesale plant in Texas and New 


Mexico, or write or phone: 


HUMBLE OIL & REFINING COMPANY 
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Technical Service 
Sales Department 
Humble Oil & Refining Company 


P. 0. Box 2180 


Houston 1, Texas 


August, 1957 
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HERE’S HOW DURIRON 
ended yearly anode replacement 

















INSPECTION RESULTS AFTER 440 DAYS’ SERVICE 


aie ——, Weight Consumption Current Density 
- Loss Rate (Amps. per 
Number Discharge (Ounces) Lbs./Amp./Yr. Square Foot) 


(Ampere Hrs.) 





1 0.21 to 0.28 
2 3181 V2 0.086 0.20 to 0.27 
3 3600 2 0.300 0.22 to 0.30 
4 3000 V4 0.045 0.17 to 0.23 
5 3400 1 ¥, 0.240 0.22 to 0.30 


0.14 to 0.21 


*Original test Duriron anode after 751 days in service. 
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THE 


cathodically protected with aluminum anodes, 
which had to be replaced annually. In a trial 
installation, a single DURIRON anode was in- 
stalled in parallel with fifteen aluminum anodes 
for a test period of 311 days. At the end of this 
period, the test was so successful that a com- 
plete DURIRON installation was made. 
After 440 days of actual service, six of the 
DURIRON anodes were inspected. The results 
of this inspection are tabulated above. Anode 


DURIRON COMPANY, 





Two 2500 gallon storage tanks had been 


point 6 


No. 6 in the table is the original test anode, 
which at the time of this inspection had been 
in operation for 751 days. Is the customer satis- 
fied? Sure! Who wouldn’t be satisfied with per- 
formance like this? 

If you use anodes for cathodic protection, 
DURIRON ANODES will probably do a better 
job for you. We’d like to prove this to you. 
Just call or write: THE DURIRON 
COMPANY, INC., Dayton, Ohio. Telephone: 
KEnmore 2121. 





DURIRON 
ANODES 


INC., 






DAYTON, 





ARRANGEMENT OF ANODES IN TANKS 


impressed current 


OHIO 


The biggest mistake is the one you can’t see! 


4 s an experienced pipeline man, you'll have little 
~™ trouble spotting four obvious “errors’’ in this 
picture*. But the biggest and most costly error you 
can make in pipeline construction is to gamble on 
unproven or “‘economy”’ types of pipeline protection. 

Sure, you can buy “protection” that will save you 
a few first-cost dollars. But wait until you start pay- 
ing the bills for excessive cathodic protection! 

On line after Jine, in marshlands and mountains, 
tough, durable Pitt Chem Coal Tar Enamels have 
proved their superior ability to resist soil stress and 
water absorption; the two ‘pitfall8 of ‘‘economy”’ 
coatings. It’s the kind of protection that gives -you 
maximum insurance against high maintenance cost: 

When you specify Pitt Chem you ‘get assured 


PITT CHEM®TAR BASE ENAMELS 


e Standard Grade # Modified Grade 
* Plasticized Grade ® Hotline 
* Cold Applied Tar Base Coatings 


quality, for Pitt Chem Coal Tar Enamels are manu- 
factured to rigid, published specifications, from high- 
est grade materials. 

How can we help you! Send us the details of your 
coating problem, 


*Operating from left side of ditch; man standing on line; man in 
ditch under line traveling machine; loop in ‘‘Hoosier’’ pole, 
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